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EARLY INCIDENCE OF SPONTANEOUS MEDIAL 
DEGENERATION (“ARTERIOSCLEROSIS”) IN 
THE AORTA OF THE RABBIT 


H D KESTEN, MD 

NEW YORK 


In the course of an attempt to reproduce the transmission of 
viosterol-induced arteriosclerosis from mother to young as described by 
Junck/ the opportunity presented itself to study the aortas from 12S 
young rabbits These rabbits, with few exceptions, were the successive 
litters of several mothers by a single father Coming from known stock 
and being raised under standaid conditions, they formed unusually well 
controlled material for study The remarkably high incidence of degen- 
erative changes m the media of the aortas of these rabbits forms the 
basis for this report 

METHOD 


The parent rabbits, 6 does and 1 buck, were large, young adult chinchillas ^ 
Two females received subcutaneously 018 cc of 1,500 D viosterol (30,000 rat 
units), divided into daily doses over a period of one week, 2 received 1 2 cc 
(200,000 rat units) in similar fashion The remaining 2 females served as con- 
trols , they as well as the male received no viosterol At periods varying from 
one month before to eight months after the administration of the viosterol, the 
animals were bred The control mothers were bred at the same time, and also 
again nearly a year after the beginning of the work The animals were housed 
m large breeding cages in a sunny indoor environment The young were weaned 
at 6 weeks of age and placed on the standard stock diet fed the parents ^ The 
successful breeding of the adults and the satisfactory growth and excellent nutri- 
tional state of the young indicated that the diet was a liberal one The incidence 
of coccidiosis was sharply limited by the exclusion of fresh vegetables 


This imestigation was aided by a grant from the Josiah Macy Jr Foundation 

From the Department of Pathology, College of Physicians and Surgeons, 
Columbia University 

1 Junck, A Virchows Arch f path Anat 283 265, 1932 

2 The parent rabbits were of a strain used for breeding purposes at Rockland 
Farms New City, N Y 

2a Viosterol was supplied as 1,500 D vigantol by the Winthrop Chemical Co 
New Y^ork 

3 The stock diet for rabbits was composed as follows oats 50 per cent 
rolled oats, 10 per cent, whole wheat, 10 per cent barlev, 10 per cent bran 
5 per cent, corn 5 per cent, linseed oil meal, 5 per cent, and molasses-alfalfa 
(equal parts), 5 per cent Timothy and alfalfa hay were given ad libitum 






Fig 1 — A, separation, fragmentation and fraying of the medial elastic fibers 
in the aorta of a 10 day old rabbit Weigert-Van Gieson stain, X 160 B, lesion 
in a 23 day old rabbit Delicate elastic fibrils run transversely between interrupted 
elastic fibers Note the mononuclear infiltration Weigert-Van Gieson stain, 
X 450 

RESULTS 

In gross character the aortic lesions ranged from a single minute, 
slightly raised, grayish-white, round spot, usually in the ascending por- 
tion of the arch, to numerous discrete or confluent, round or linear, 


KESTEN— MEDIAL DEGENERATION IN AORTA OF RABBIT 3 


wrinkled, often uinbilicated, gray or occasionally yellowish, partly 
calcified plaques, varying in size up to 2 mm m diameter and involving 
most of the aich 

Histologic study indicated that the earliest change was swelling, 
fragmentation and fraying of the elastic fibers in the inner media 
(fig I A) This was associated with an increase in mterfibnllar fluid 



2 — A, formation of cartilage in a medial aortic lesion of an 8 month old 
rabbit Hematoxylm-eosm stain , X 160 B, extensive calcification of a lesion 
at 5 months Hematoxyhn-eosm stain , X 100 

There ensued an infiltration of wandering mononuclear cells between 
the altered elastic fibers Often bundles of delicate wavy elastic fibrils 
ran transversely (radially) between the wandering cells (fig IB) 
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H}alini7ation of the mterfibrillar ground substance, mucinous degeneia- 
tion and calcihcation (fig 2 B) occurred at later stages Calcium was 
first laid down along and closel> apposed to swollen, taut or fragmented 
elastic fibers The presence of fat was not a feature, it was seen only 
occa-ionally in late lesions within phagocytes or scattered between the 
fibers Small groups of cartilage cells were sometimes observed in the 
oldei plaques (fig 2 A) The intima over the lesions was usually raised 
and later wrinkled There was a moderate tendency for the endothelial 
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cells to multiply, forming a layer usually one cell thick with nuclei rela- 
tively close together Only rarely was actual thickening of the intiina 
to be obseived Pertinent lesions were not seen in any of the viscera 
The occurrence of aortic lesions m the 125 young rabbits studied 
IS given m the table The youngest animal in which a lesion was seen 
was only 10 days old It was from a mother which did not leceive 
viosterol (fig I A) The aorta of another animal, killed at 23 days 
of age, from another litter of the same mother, also contained a 
single definite lesion, with a spreading apart and splitting of the elastic 
lamellae (fig \ B) Fourteen rabbits were killed at the age of 1 month, 
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6 of them from mothers which had received viosterol and 8 from the 2 
control mothers Three of the former and 4 of the latter, or one half of 
the 14, presented lesions At 8 months of age, practically all the animals 
in this stock had aortic changes In general the older the animal the 
more marked were the changes, although deposits of calcium were 
observed in the young from both the viosterol treated and control 
mothers as early as at 3 months of age The incidence of the lesions 
at various ages is graphically summarized m figure 3 



Fig 3 — Incidence of aortic medial degeneration among young rabbits, classified 
according to age In this and figure 4, the shaded areas represent the number of 
rabbits presenting lesions , the unshaded, the number with normal aortas 


Mother Incidence 



Fig 4 — Incidence of aortic medial degeneration among young rabbits, classified 
according to the mother Four mothers {A, B, C and D) received viosterol prior 
to the first breeding 

The incidence of the lesions in the young from the several mothers 
IS summarized in figure 4 It ranges from 71 per cent m the young 
from mother A to 43 per cent m those from 1 of the control mothers 
Reference to the table shows that all but 2 of the young from mother A 
were killed at ages of 1 month or more, which probably accounts for 
the high incidence in this family The variations between the other 5 
families are probably without significance The total incidence in the 
entire group of 125 rabbits is 54 per cent 
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At the end of the experiment, the mothers were killed and autopsies 
performed The only significant lesions were in the aortas Those from 
the 2 rabbits (A and B) which received 30,000 rat units of viosterol 
presented the greatest degree of change with numerous partly calcified 
small plaques in the arch The lesions in rabbit C, which received 
200,000 rat units, weie somewhat less marked No changes were demon- 
strable, even microscopically, in the aorta from rabbit D (200,000 units) 
The aortas of the 2 control mothers piesented moderate changes, com- 
parable to those in rabbit C Thus no correlation is possible between 
the dose of viosterol, the amount of sclerosis in the mother’s aorta and 
that in the aorta of the young Although it is somewhat difficult to 
calculate in terms of rat units the doses of \iosterol used by Junck ^ and 
by Schmidtmann (quoted by Junck), they seem to fall within the same 
range or somewhat under that which was used in this investigation ^ 

Junck gave a “total of 0 5 mg of irradiated ergosterol during eight days, as 
standardized vigantol,” probably a total dose of about 10,000 rat units He gave 
also to another rabbit “2 drops of standardized vigantol ” 

The present attempt, then, to reproduce the transmission of sclerosis 
due to viosterol from mother to young must be deemed unsuccessful 
All the lesions in the aforementioned animals are to be consideied as 
spontaneous 

COMMENT 

In the fifty-three years which have elapsed since Israel’s “ original 
description of medial degeneration and calcification in the rabbit’s aorta, 
under the name of chronic endaortitis deformans, similar changes have 
been reported following a great variety of experimental piocedures, 
including the use of bacterial, chemical and physical stimuli Judging 
from the descriptions and illustrations, many of the lesions weie entirely 
comparable to those now recognized to occur spontaneously in the rab- 
bit’s aorta There was a wide quantitative variation m this lecognition, 
however, ranging from none to 45 5 per cent of the rabbits The litera- 
ture has been largely summarized by Newburgh and Clarkson,® 
Dominguez, Nuzura and his co-workers ® and Benson and his 
co-workers ® The majority of observers saw spontaneous medial 

4 Schmidtmann, as quoted by Junck, ^ gave “4 mg of irradiated ergosterol daily 
for twelve davs m the form of 10 drops of 1 per cent vigantol ” According to the 
Winthrop Chemical Co , 1 per cent vigantol in 1929 was probably about 1,500 D 
(180 000 rat units per cubic centimeter) 

5 Israel, O Virchows Arch f path Anat 86 299, 1881 

6 Newburgh, L H , and Clarkson, S Arch Int Med 31 653, 1923 

7 Dominguez, R Arch Path 5 577, 1928 

8 Nuzum, r R , Elliot, A H E\ans, R D and Priest, B V Arch Path 
10 697, 1930 

9 Benson, R L , Smith, K G , and Semenov, H Arch Path 12 924, 1931 
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changes in less than 10 per cent of normal control rabbits Dominguez 
found the mean for more than 3,500 rabbits examined during the preced- 
ing twenty years in this country and in Europe to be less than 6 per cent 
The earliest report of the recognition of aortic medial degeneration in 
normal rabbits appears to be that of Fischer,^® in 1905, who established 
that lesions of the media of the aorta similar to those resulting from 
epinephrine may occur spontaneously However, Kaiserling,^^ m 1907, 
in the course of a cautious evaluation of the then current enthusiasm 
for sclerosis from epinephrine stated that several years previously he 
had seen a calcified aorta m a stock rabbit In 1907 Miles drew down 
on herself a fire of comment by reporting fiom Colorado the occurrence 
of medial aortic lesions m 17 of 49 normal rabbits, that is, in 34 8 per 
cent Miller,’® in a letter in the same year, objected to Miles’ conclu- 
sions, emphasized the failure of previous workers, including Jores,’^ to 
observe spontaneous lesions and expressed his belief that Miles’ animals 
were unusual and probably associated with an abnormal environment 
In the summarizing table published by Dominguez, Miles’ figure of 
34 8 per cent was conspicuous as the highest, with the next 15 4 per cent 
that from unpublished data by Goldblatt Levin and Larkin,’® 1910, 
were quoted as observing that 12 9 per cent of normal rabbits have 
spontaneous aortic lesions But a perusal of the latter’s paper reveals 
that of 240 rabbits “used for laboiatory purposes mainly for obtaining 
blood serum, and with no toxic substances of any kind introduced ” 31, 
or 13 per cent, had gross aortic lesions and were not examined further 
The aortic aich of the remaining 209 animals was examined micro- 
scopically Seventy-eight of the 209 rabbits, or 32 5 per cent of the 
original 240, presented microscopic lesions, making a total incidence of 
45 5 per cent Inasmuch as the exact handling of these animals was not 
specified, one cannot be certain that all of these lesions were spontane- 
ous, but the significant point remains that many of them were noted only 
aftei microscopic study Microscopic studies of the aorta m the several 
other noi mal series in the literature appear to have been limited to details 
of lesions noted giossly 

Of the 68 involved aortas in the series of 125 rabbits of this study, 
10 had a normal gross appearance, the medial lesions being noted only 
in microscopic sections In 7 other aortas the gross conditions were 
recorded as questionable and a definite diagnosis was possible only after 
microscopic examination 


10 Fischer, B Verhandl cl XXII Kong f mn Med 20 235, 1905 

11 Kaiserhng C Berl khn Wchnschr 44 29, 1907 

12 Miles, A B J A M A 49 1173, 1907 

13 Miller, J L J A M A 49 1789, 1907 

14 Jores, L Beitr z path Anat u z allg Path 41 167, 1907 

15 Leiin, I, and Larkin, J Proc Soc Exper Biol Med 7 109, 1910 
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The explanation of the high incidence of medial degeneration m 
the aortas of this senes of rabbits and of the great differences in inci- 
dence repoited from various laboratories is not obvious Faulty diet 
does not seem to be a factor, as the diet used m this experiment was 
considered excellent General living conditions were also ideal, except 
for relative lack of exercise and of direct sunshine There is no appar- 
ent seasonal factor Infection in the ordinary sense, including coccidio- 
sis, can be excluded A diffeience in the rabbit strain seems probable 
in view of the wide geographic differences m incidence The observa- 
tion of Zeek that inbreeding may produce a strain relatively free from 
spontaneous sclerosis is very illuminating The lesion pathologically 
appears to be a toxic degeneration If this is true, it furnishes 
another example of the relationship of heredity and susceptibility to 
disease 

SUMMARY 

A study was made of the aortas of 125 apparently normal young 
rabbits aged from 1 day to 8 months and of known parentage They 
represented the successive litters of 4 female rabbits given viosterol 
prior to the first breeding and of 2 untreated temale rabbits Sponta- 
neous medial degeneration, or “arteriosclerosis,” was observed m 68 
of the 125 rabbits or in 54 per cent No significant difference was 
demonstrable between the young from the treated and the untreated 
mothers Lesions were found at ages as early as 10 days The inci- 
dence increased with age to 87 per cent at 8 months Micioscopic 
examination was necessary for a positive diagnosis m 25 per cent of the 
lesions 


16 Zeek, P Arch Path 16 302, 1933 



POSSIBLE FUNCTIONAL SIGNIFICANCE OF THE 
LONGITUDINAL MUSCLE IN THE ADRENAL 
VEINS IN MAN 

ISOLDE T ZECKWER, MD 

PHILADELPHIA 

The peculiar structure and arrangement of the longitudinal muscle 
bundles in the veins within the adrenal medulla m man must indicate a 
function of considerable importance The observers who have studied 
these structures histologically have proposed theories which do not seem 
adequate Since the ordinary laboratory animals show only slight 
development of these muscle bundles, the experimental attack on the 
problem of their function is impossible 

Recently Bauer, Dale, Poulsson and Richards studied with great 
care and ingeniousness the control of the circulation through the liver in 
the dog and dearly demonstrated a mechanism determining the rapid 
outflow of blood which depends on the peculiar structure of the longi- 
tudinal muscle bundles in the hepatic veins of the dog Since there is 
considerable similarity between these muscles in the hepatic veins of the 
dog and those in the adrenal veins in man, it seems altogether possible 
that the precise experimental results obtained by Bauer and his 
co-workers m explaining the functional signiflcance of the hepatic veins 
in the dog can be applied to the consideration of the function of the 
adrenal veins in man Without the possibility of direct experimental 
attack, the formation of a hypothesis depending on an analogy in 
structure seems justifiable 

In many adrenals removed from the human adult the following 
features may be recognized in sections prepared in a routine way from 
fixed tissues The veins within the medulla in cross-section show sub- 
stantial bundles of muscles running longitudinally along the length of 
the vein (fig I A) These bundles occur at irregular points, and 
between the muscle bundles the wall of the vein is thin and lacking in 
muscle The longitudinal bundles protrude markedly into the lumen and 
nearly touch the endothelium on the opposite side of the lumen No 
circular muscle fibers are presented Passing into these muscular veins 
are smaller blood vessels with very thin walls or merely with endo- 
thelium (fig IB) As these vessels enter a larger vein, they pass 

From the Department of Pathology, School of Medicine, University of Penn- 
sylvania 

1 Bauer, W , Dale, H H , Poulsson, L T , and Richards, D W J Physiol 
74 343, 1932 
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Fig 1 — 4 ^ shows longitudinal muscle seen in cross-section protruding into the 
lumen of a tein in the adrenal gland of a human being, B, the entrance of tribu- 
taries into human adrenal \ein of medium size guarded b\ muscle bundles, and 
C, the main adrenal \ein with substantial bundles of longitudinal muscle com- 
pkttlj surrounding the lumen 
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iDetween muscle bundles, so that the orifices are actually encroached on 
hy the muscles m the larger vessels, and the obvious dilatation of the 
small vessels proximal to their entrance into the larger vein gives clear 
evidence that the muscle is actually causing functional obstruction to 
the tributaries As the mam adrenal vein is approached, the muscle 
bundles increase m size and surround the lumen almost symmetrically 
(fig 1C) The larger hepatic veins of the dog (fig 2 A) are similar 
m structure to the mam adrenal vein The peculiar as>mmetrical 
arrangement of muscle in the smaller tributaries of the adrenal vein in 
man is a development far beyond anything seen in the hepatic veins of 
the dog According to Popper," however, if the dog’s liver is fixed at 
a time when the muscle m the hepatic veins is contracted projections 
into the lumen are seen, so that in cross-section the lumen appears star- 
shaped This effect is shown in figure 2 B In figure 2 C are seen 
longitudinal muscles extending the length of two hepatic veins which 
are tributaries to the vena cava of the dog 

Before considering the application of the results obtained by Bauer 
to the adrenal m man, a summary is presented of the previous sugges- 
tions as to the significance of the musculature of the adrenal veins 
Ferguson " stated that “the peculiar longitudinal arrangement of the 
muscular tissue, the valve-like protuberances at the junctions of the 
venous vessels, the absence of circular muscle from the walls of the veins 
of all sizes, and the general appearance of these vessels which are 
so remarkably different from the veins of most other organs, become, 
to say the least, extremely significant of a close structural relation, 
physiologically speaking, to the presence of an astringent secretion in 
the outflowing blood current ” He offered, however, no explanation of 
how these mechanical features are effective 

Poll expressed the belief that the musculature is a means of 
securing a smooth and equal outflow of blood Peindane ® maintained 
that the muscles of the medium-sized branches act as valves obstructing 
the flow from the smaller to the larger veins and that the powerful 
musculature expresses the contents of the larger veins into the general 
circulation Maresch,® from serial sections and wax reconstructions, 
concluded that when the longitudinal muscles contract the thickening 
and shortening of the fibers result m narrowing or complete closure 
of the lumen At the points at which the smaller tributaries pierce 
the muscle bundles m reaching the lumen of the larger vessel, contrac- 

2 Popper, H Klin Wchnschr 10 2129, 1931 

3 Ferguson, J S Am J Anat 5 63, 1906 

4 Poll, H Berl klin Wchnschr 46 1973, 1909 

5 Pemdarie, J Compt rend Soc de biol 83 958, 1920 

6 klaresch, R Wien klm Wchnschr 34 44, 1921 





F)°- 2 — A shows bundles of longitudinal muscle seen in cross-section in a 
large “hepatic vein of a dog, 5, a cross-section of a small hepatic venous tributary 
in a dog wuth a stellate lumen and bundles of longitudinal muscle in the four 
pillars w'hich project into the lumen, and C, longitudinal muscles seen in longi 
tudinal section in tw'O hepatic veins (a) and (i>) The muscles are continuous 
with the longitudinal muscle seen in cross-section in the \ena cava (c) Mallorj s 
differential connects e tissue stain 
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tion of the muscle holds back the contents of the smaller r^essel, which 
IS seen to undergo sinuous widening Under stimulation of the sympa- 
thetic nerve supply, contraction of the muscles hinders outflow of the 
blood and thereby enriches its epinephrine content which is available 
for subsequent discharge Maresch, however, suggested another 
explanation, namely, that b} contraction of the musculatuie the organ 
IS squeezed as a sponge m the diiection of the central vein Against 
this theory is the fact that the muscle bundles become larger as the mam 
vein is approached, so that shortening and thickening of the muscles 
during conti action should cause progressively more complete occlusion 
of the lumen as the hilus is appioached 

Kutschera-Aichbergen accepted Maresch ’s view that the muscles 
m the cential vein block the tributaries and cause damming of the 
blood in the medulla Maresch had suggested that the blood held back 
by the contracted veins might find its way into anastomoses outside 
the adrenal gland Kutschera-Aichbergen enlarged on this idea, and, 
by injection of a dye into the left adrenal vein, he observed that the 
dye passed through anastomoses of the capsular vessels into the pan- 
el eas and liver He therefore expressed the belief that with contrac- 
tion of the muscle m the adrenal veins the curient of blood is reversed 
and epinephrine is forced through the anastomoses into the portal 
circulation He stated that epinephrine injected into the portal circu- 
lation IS more effective m producing hyperglycemia than when 
introduced into other veins, and, moreover, that epinephrine introduced 
into the portal vein does not raise the blood pressuie as it does when 
introduced into other veins He assumed that the muscles in the adrenal 
veins conti act undei stimulation of the sympathetic nerves 

Henderson,® from the study of rvax reconstructions, stated that 
when two veins approach the point of anastomosis the longitudinal 
fibers 111 each vessel “fuse in the angle of anastomosis ’ He expressed 
the belief that the “significance of this peculiar muscular arrangement 
111 the wall of the central veins of the suprarenal gland probably con- 
sists 111 the fact that contraction of the muscles results in active 
dilatation of these veins ” His conception is best understood by 
consulting his diagiam He suggested that “this mechanism regulates 
the outflow of blood’’ under sympathetic nervous stimulation This 
explanation can apply only to cases m which each vessel before joining 
the othei contains muscle , it does not explain what happens as the 
lesult of frequent entiance of \essels containing no muscle into larger 
reins with muscle surrounding the entiance of the smaller vessel 

7 Kutschera-A.ichbergen, H Frankfurt Ztschr f Path 28 262, 1922 

8 Henderson, E F Anat Rec 36 69, 1927 
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Goldzieher and Sherman'’ measured the thickness of muscles in 
material obtained in fifty-one autopsies selected at random but limited 
to those performed on adults, and he calculated the ratio of the thick- 
ness of the muscle to the outer diameter of the vessel The ratios 
were gi eater in cases of hypertension and in those of “renovascular 
alterations without manifestations of hypertension ” They stated “It 
seems reasonable to assume that such hypertrophy is the result of 
constant overexertion resulting from the attempt to regulate and hold 
back the excessive liberation of the pressor glandular discharge ” The 
investigators claimed that their results added “new and weighty evi- 
dence to the theory which links hypertension and allied diseases with 
functional disturbances of the suprarenal glands” In their measuie- 
ments of muscle there seems to be an error in the unit used for the 
statement of absolute values The values of from 3 1 to 6 1 microns 
foi the thickness of hypertrophied muscle are obviously too low How- 
ever, their relative grouping of musculature as normal and hyper- 
trophied holds in spite of this 

Allen measured by means of a planimeter the muscles and lumens 
of the veins in eighteen patients with hypertension (average age, 54) 
and in t went}- -five persons in whom the blood pressure was normal 
(average age, 48) He did not state the absolute measurements, but 
the ratio of muscle area to the area of the lumen was twice as great in 
the cases of hypertension He expressed the belief that the muscular 
hypertrophy “in all probability indicates increased functional activity, 
which occurs as a result of sympathetic overactivity ” 

Allen and Page,^- assuming that the inferior vena cava has the 
same intravenous pressuie as that of the adrenal veins, measured the 
thickness of the muscle in the infeiior vena cava and observed that it 
was not increased in patients dying with increased venous pressure 
They concluded that the muscular hypertrophy of the adrenal veins 
in patients with hypertension was not caused by increased intravenous 
pressure 

Kashiwagi observed that the muscles of the adrenal veins were 
hypei trophied in diseases in which he stated that there is an increased 
epinephrine content of the blood, such as contracted kidney, and that 
they were less hypertrophied in conditions m which he claimed that 
there is a decrease in the epinephrine content, but proof is lacking 
that there aie such changes in the epinephrine content of the blood 
in the conditions he mentioned Kutschera-Aichbergen ^ suggested that 
blocking of the outflow of blood by the musculature of the veins with 

9 Goldzieher, M A, and Sherman, I Arch Path 5 1, 1928 

10 Allen, E V Ann Int Med 3 153, 1929 

11 Deleted 

12 Allen, E V, and Page, I H Deutsches Arch f khn Med 168 193, 1930 

13 Kashiwagi, S Tr Jap Path Soc 12 1S4, 1922 
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subsequent engorgement of the capillaries m.ay be responsible for 
certain cases of adrenal hemorrhage Kraus/"* in discussing adrenal 
hemorrhage m adults, stated that certain cases may be due to trauma 
inducing sudden spastic contraction of the muscles of the veins, with 
rupture of the vessels that have been overdistended by this blockage 

Many of these theories of the function of the venous musculature 
assume that the muscles of the veins contract under sympathetic 
stimulation and that contraction aids the outflow of epinephrine 
There are a variety of proofs of the outpouring of epinephrine, which 
is known to occur rapidly under sympathetic stimulation in various 
emergencies But it is difflcult to visualize the mechanism by which 
contraction of bulky muscles can increase venous outflow In fact, 
there is every indication from microscopic sections that contraction by 
thickening the muscles occludes the lumen and hinders outflow From 
sections it is clear that at the point at which a tributary enters a 
larger vein between muscle bundles it is obstructed and dilates prox- 
imally and that this thm-walled dilatation is structurally suited to 
act as a reservoir (fig IB) Allen observed that the total area 
of the lumens of all veins increased m the adrenals m which the 
muscle of certain veins showed hypertrophy From microscopic 
sections it can also be seen that the longitudinal muscle bundles 
appear to occlude the lumen more completely than would be possible 
if there were merely a circular arrangement of muscle fibers Even 
with the maximum constriction of a structure controlled by circular 
fibers, there still remains a lumen, but when longitudinal muscle 
, bundles placed only at certain points of the wall of the vein thicken 
by contraction the pliability of the delicate wall at all other points makes 
It possible for the endothelium on the opposite side of the lumen to 
fit closely over the protruding muscle The surrounding tissue 
apparently offers more resistance than the blood in the lumen, as in 
all the sections the muscle bulges into the lumen rather than indents 
the surrounding tissue The theory suggested m this investigation for 
the functional significance of the muscles in the adrenal veins seems 
to be implied in the work of Popper,- who described what he called 
the thiottle mechanism of the hepatic veins in the dog He was led 
to this study b} the recognition of the similarity m structure to that 
of the adienal veins 

When muscle hypertrophies one has a right to believe that it does 
so in response to the demand for increased functional activity But 
in what vay is contraction of hypertrophied muscle effectne in this 
case^ Is It possible that these muscles are in a state of more or less 

14 Kraus, A Frankfurt Ztschr f Path 43 372, 1932 
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constant partial contraction or tonus under normal conditions, which 
hinders the outflow of blood and keeps the epinephrine content of the 
blood high within the adrenal as a reservoir, and that s}mpathetic 
stimulation under conditions of emergency relaxes the contracted 
muscles and permits the rapid passive release of blood containing a 
high concentration of epinephrine from the adrenal gland ^ Although 
such an idea seems radical at fiist glance and diametrically opposed 
to most of the aforementioned theories, this is exactly what Bauer and 
his co-workers ^ demonstrated experimentally in the outflow of blood 
from the hepatic veins in the dog This phenomenon depends on a 
musculature m the vein similar to that of the adrenal vein in man 
They showed in the isolated perfused liver, in which records were 
made of the piessure of the blood in the hepatic aitery and portal vein 
and of the volume of the liver, that either small doses of epinephiine 
comparable to those liberated ph3fsiologically or stimulation of the 
splanchnic nerve greatly increased the outflow of blood from the hepatic 
veins through the vena cava, in spite of lessened inflow This action 
IS determined by a mechanism like a sluice located near the caval orifice 
of the mam hepatic veins, which consists of longitudinal muscle 
bundles in the walls of the veins Normally the tonus hinders the out- 
flow of blood from the liver With histamine the muscles contract, 
with epinephrine or with sympathetic stimulation, they lelax, and 
therefore the outflow is increased The mechanism permits the accu- 
mulation of a reserve in the liver and a lelease into the general 
circulation under special conditions Bauer’s paper should be con- 
sulted for details of the mechanism and for a review of the previous 
work bearing on this subject 

Grab, Janssen and Rein,^® at about the same time, arrived inde- 
pendently at conclusions nearly similai to those of Bauer and his 
co-woikers, and their experiments have the advantage of having been 
done under moie natural conditions Furthermore, they showed that 
atropine inci eased the venous outflow It seems probable that the 
effect of atropine indicates that the muscle is normally in a state of 
paitial contraction under parasympathetic stimulation and that relaxation 
IS produced by such a parasympathetic depressant as atropine 

It seems justifiable to attempt an application of these experimental 
observations on the ciiculation in the liver of the dog to that in the adrenal 
in man, since a direct attack on the problem is impossible in the case 
of the adrenal veins In many cases in which s}mpathetic stimuli are 
known to be effective, they may be opposed by parasympathetic stimuli 

15 Grab W , Janssen, S, and Rein, H Ztschr f Biol 89 324, 1929, Khn 
Wchnschr 8 1539, 1925 
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One may theiefore theorize about the possible effect of parasympa- 
thetic innervation of the adrenal, in which the powerful effects of 
sympathetic stimulation are known Parasympathetic fibers are known 
to innervate the adrenals, but their action is not understood It is 
conceivable that parasympathetic impulses are responsible for keeping 
the muscles of the adienal veins, when these are well developed, under 
a certain amount of contraction under ordinal y circumstances In 
consequence, the secreted epinephrine accumulates in the smaller veins 
and capillaries of the medulla m high concentration When a sudden 
emergency arises, sympathetic stimuli relax the muscles of the veins 
(just as bronchial muscles relax under sympathetic stimulation), and 
there is a sudden release of blood of high epinephrine content The 
suddenness of the release of large quantities of epinephrine which is 
Known to occui undei sympathetic stimulation is, in all likelihood, a 
vasomotor lelease of secretion held in reserve rather than entirely the 
effect of the nervous stimulation of cells to hypersecretion, as is often 
considered the case 

As long ago as 1897, Biedl maintained that the increased outflow 
of blood from the adrenal on sympathetic stimulation was due to active 
dilatation of the “adrenal vessels” by fibers in the splanchnic nerve 
producing dilatation Burton-Opitz and Edwards confirmed Biedl’s 
statement and remarked “It also seems singular that the excitation of 
the splanchnic nerve should dilate the blood vessels of the 

suprarenal gland and constrict those of the other organs innervated by 
this nerve ” Riglei and Rothberger stated that the blood vessels of 
the adrenal do not contract as a result of the stimuli that ordinarily 
contract vessels, such as splanchnic stimuli, while substances which 
ordinarily produce dilatation of blood vessels also dilate the adrenal 
vessels In all these pharmacologic expeiiments the authors do not 
specify the type of “blood vessels ” Yet is not absence of constriction 
in the veins necessaiy m order that arterial dilatation may effect a 
gi eater outflow'^ 

Feldberg, Minz, and Tsudzimuia recently described liberation of 
acetylcholine from the adrenals of the cat during stimulation of the 
splanchnic nerve In this investigation they were not concerned with 
a vasculai mechanism within the adrenals controlling the discharge of 
the cellular secretion But from the point of view of the present study, 

16 Biedl, A Arch f d ges Physiol 67 443, 1897 

17 Burton-Opitz, R , and Edwards, D J Am J Ph 5 'sioI 43 408, 1917 

18 Rigler, R, and Rothberger, C J , in Eethe, A , et al Handbuch der 
normalen und pathologischen Physiologic, Berlin, Julius Springer, 1927 \ol 7 pt 

2, p 1028 

19 Feldberg, W Alinz, B , and Tsudzimura, H J Physiol 81 286, 1934 
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their data on the liberation by the adrenal of acetylcholine is of con- 
siderable inteiest in view of the known relation of acetylcholine to 
parasympathetic activity 

If the studies on the adrenals of animals apply to those of man, 
the manner m which epinephrine is discharged under sympathetic 
stimulation becomes clear, but the added factor of venous obstruction 
111 man must be considered In man, with bulky muscles in the adrenal 
veins, a check on the rapid discharge of epinephrine occurs which does 
not exist in animals 

There remains to be explained the significance of the hypertrophy of 
the muscles m the adrenal veins which has consistently been noted in 
patients with hypertension There is no clinical or experimental evidence 
that patients with hypertension have hyperepinephrinemia To consider 
that hyperti ophy of the adrenal musculature indicates increased discharge 
of the secretion of epinephrine m patients with hypertension is there- 
fore illogical Furthermore, on this supposition, if hypertensive 
patients did have hyperepinephrinemia they would have changes m 
caibohydrate metabolism, which is not true May not the hypeitrophied 
muscle of the adienal veins in a patient with hypertension be a 
protective phenomenon inhibiting the outflow of epinephrine during 
episodes of sympathetic stimulation in a person whose blood pressure 
IS already dangerousl}^ high? Such a delicate balance between oppos- 
ing sympathetic and parasympathetic stimuli is known to be eftective in 
aveiting crises in other organs, graphic illustrations of which have 
been given by Cannon He stated that “when a factor is known 
which can shift a homeostatic state in one direction it is reasonable to 
look for automatic control of that factor or for a factor or factors 
having an opposite effect ” In other words, it is now suggested that 
the hypertrophy of the musculature in the adrenal is a protective 
phenomenon, occurring as a result of hypertension rather than being 
causative, a compensating contraction opposing sympathetic activity 
In this connection, it was interesting to find a case of extensive 
development of the muscle of the adrenal veins in a young adult dying 
of exophthalmic goiter, in which it is known that there is intense activity 
of the sympathetic nervous system 

Animals are usually free from hypertension and also show an 
almost negligible development of muscle bundles in the adrenal ^eins 
May it not be possible that m the absence of hypertension there is 
no compensatory hypertrophy of muscle in the medium-sized veins 
limiting the outflow of excessive secretion of epinephrine in animals? 

It IS known that in the adienal gland of the infant the mam adrenal 
^ em contains muscle but that the medium-sized veins within the medulla 


20 Cannon, W B Phjsiol Re\ 9 399, 1929 
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are almost lacking in muscle This again fits in with the theory that 
the development of conspicuous muscle bundles is a gradual compen- 
sating hypertrophy 

Apparently no quantitative studies have been made of the age at 
which this hypertrophy takes place 

PRESENT INVESTIGATION 

An attempt has been made to study the development of these 
muscles with age Adrenal glands obtained in autposies performed 
as a routine in the department of pathology were studied at random, 
with the exclusion of those in which the medulla showed postmortem 
softening and lesions such as tuberculosis or tumors One adrenal 
was studied in each case In most cases the tissue fixed in Zenker’s solu- 
tion was stained with Mallory’s connective tissue stain in order to 
differentiate the muscle from the connective tissue with certainty 
Approximate measurements were made of the area of the muscle in 
cross-sections of veins As most of the bundles were m the form of 
ellipses, occasionally of circles, the long (a) and short (&) diameters 
were measured by means of an ocular micrometer and the area calcu- 
lated as-|-X-|- X n The values for all the areas of muscle in a 
single vein were added Selection was made of the largest venous 
branch lying within the medulla which showed asymmetrical arrange- 
ment of muscle (m order to exclude the main vein, which is S 3 mi- 
metrically surrounded b) muscle), and vessels with the area of the 
lumen larger than 0 35 sq mm were excluded The veins which 
happened to be seen in longitudinal section were also excluded The 
measurements were, of course, merely approximations, but at least 
they gave a more objective means of comparison than does a classi- 
fication on the basis of 2 plus, 3 plus, etc Without serial sections, 
the largest vein piobably was often missed Consequently, the record- 
ing of the absence of musculature or of muscles of small area is of 
no significance In cases in which the muscles were well developed, the 
bundles were obvious m any section Attention was concentrated on 
determining at what age muscular development could be noted 
Therefoie, the obseriation of well developed muscle at 20 years of 
age was of more significance than that of little muscle at 50 A chart 
nas constructed (fig 3) which in no sense is intended as an exact 
quantitative record It shows however, that, within the limitations of 
accuracy mentioned, it is only in the later age periods that well developed 
muscles can frequently be found Certain low lvalues observed in those 
periods may merely indicate that m the single section studied little 
muscle nas noted lather than that the adrenal veins of that person con- 
tained no muscle The range in, not the absolute, lalues at the differ- 
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ent age pcnods is of concein In the material obtained in one 
hundred and seven autopsies selected at random, it was observed 
that theie was a preponderance of persons over 35 Thereupon sun- 
plementary material was selected from the ad.enals of persons mder 
35 and included m the general senes Sections from these tissues 



Fig 3 — Areas of cross-sections of muscle in veins of medium size (excluding 
the veins with the area of the lumen exceeding 0 35 sq mm ) The single dot 
in the space representing the 1 year period indicates the average value for the 
areas obtained m twenty-six children, ranging from new-born infants to those 
of 11 months Other single dots in the early age periods usually represent the 
values obtained for more than one child After the 12 jear period each dot 
represents the value determined for a single person 

weie stained with hematoxylin and eosin instead of with Mallory's 
connective tissue stain The total number of cases studied was 172 
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SUMMARY 

A theory is proposed to explain the role which the longitudinal 
muscles in the adrenal vein in man play in controlling the discharge of 
epinephrine It is suggested that under sympathetic stimulation these 
muscles relax and widen the lumen and that under parasympathetic 
stimulation they contract and, by their consequent thickening, occlude the 
lumen 

In the material obtained in a series of autopsies, it was observed 
that these muscles developed with age 

It IS suggested that the hypertrophy of these muscles may be a 
protective phenomenon, checking the discharge of epinephrine m hyper- 
tensive patients 



HORMONAL ORIGIN OF ENDOMETRIOMA 

A HYPOTHESIS 

J THORNWELL WITHERSPOON, MD 

NEW ORLEANS 

Endometriosis is a term which Avas introduced by Sampson to include 
a variety of adenomatous lesions of the female pelvis the histologic and 
functional characteristics of which are identical with those of the endo- 
metrium Until 1896 endometriosis was considered to have its origin 
m the mullerian duct, but in that year, owing to the influence of von 
Recklinghausen, the wolffian system was considered to be the original 
source Then came the intervention of Cullen who firmly established 
the theory of the oiigin of adenoinj'-oma from mature endometrium 
To Russell belongs the credit of being the first to report the presence of 
aberrant endometrium in the ovary, a condition originating, in his 
opinion, from inclusion of the mulleiian duct Since the appearance of 
Sampson’s studies m 1921 this subject has been favored with renewed 
interest, and at present no gynecological study leceives more lively dis- 
cussion than that of endometriosis 

In Sampson’s opinion endometrioma is second only to uterine myoma 
in frequency In 119 cases he found the sites of the endometriomas to 
be as follows ovaries, 110, uterus, 64, rectovaginal septum, 6, peri- 
toneum, 2, and the abdominal wall in a laparotomy scar, 1 In addition 
to these locations endometriomas have been found in or on the majority 
of the pelvic organs 

The etiology of endometrioma is still a matter of debate Up to the 
present credit must be given (1) to Cullen ^ for his theory of the mucosal 
or diveiticular oiigin of diffuse uterine growths, (2) to Ivanoff - foi 
his serosal theory, which draws attention to the proliferative potential- 
ities of the peritoneal mesothelium , (3) to Sampson ® for the hypothesis 
of tubal regurgitation, or the theoiy of retrograde menstruation with 
the direct implantation of living endometrial grafts, and (4) to Robert 
Meyer ,■* championed in this country by Novak, for his invaluable demon- 
stration of epithelial heterotopy and metaplasia, which helps to render 
more intelligible the occurrence of many of the extrapehic groivths of 
like character Suffice it to say that at present two views are generally 

From the Department of Gynecology, School of Medicine, Tulane University 

1 Cullen, T S Adenomyomata of the Uterus, Philadelphia, W B Saun- 
ders Company, 1908 

2 Ivanoff, N S Monatschr f Geburtsh u Gynak 7 29 d, 1696 

3 Sampson, J A Arch Surg 3 245, 1921 
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held as to the cause of these tumors either Sampson’s hypothesis of 
cellular spill or the theory of heteroplasia of a serosal cell, advocated as 
early as 1898 by Ivanoff However, that neither of these theories can 
explain the occurrence of endometrioma at all the known sites is gen- 
erally accepted The theory of heteroplasia of the serosal cell cannot 
explain the perineal endometrioma, while endometriosis of the inguinal 
canal is difficult to ascribe to the theory of the implantation of fiag- 
ments of the uterine lining 

It IS not the intention in this paper to enter this field of discussion, 
and the following remarks and observations will hold good irrespective 
of the primary source of the endometrial elements If the endometrioma 
is explained by the theory of implantation, there must be some stimulant 
or environment which determines whether the endometrioma will grow 
or perish Sampson ^ took cognizance of this fact and stated that “the 
escaping cells need suitable soil ” If, on the other hand, the origin of 
the endometrioma is fiom heteroplasia of serosal or germinal cells, some 
factoi must be present which first initiates the cellular change and sub- 
sequently stimulates the endometrial growth The actual origin of the 
endometrioma is unimportant, whether from implantation of a living 
graft or from cellular metaplasia , the all-important question is the deter- 
mination of the cause of the igniting factor which controls the cellular 
change or which stimulates the endometrial implant to proliferation 

The hypothesis on which this paper is based is that the fundamental 
Igniting cause has its origin in the excessive stimulation of the aberrant 
tissue by the ovarian follicular hormone That the action of this hoi- 
mone is not confined to the uterine endometrium alone, as demonstrated 
by the endometrial changes during the normal menstrual cycle, but influ- 
ences the genital tract as a wdiole is easily proved ® When this hormonal 
action on the endometrium is abnormal, how^ever, causing endometrial 
hyperplasia, it is equally abnormal m its action on ectopic endometrial 
tissue and causes, by means of cellulai metaplasia of the potential serosal 
cells or by tumor proliferation of an aberrant endometrial implant, the 
formation of an endometrioma 

Thiough the work of Schroeder " and Meyer® in Geimany, Shaw® 
in England and Graves,’” Fluhman,’’ Novak,’® Maitzloff’® and 
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Buich ^ in this country, the cause of enclometiial hyperplasia has been 
thoroughly investigated That the persistent and excessive stimulation 
of the ovaiian follicular hormone, in the absence of any corpora lutea 
and with a possible anteiior hypophyseal action in the background, is 
the cause of endometrial hyperplasia has been established by these 
observers Buich and Ins co-workers produced endometrial hyper- 
plasia in spayed mice by injection of the estrogenic principle, while 
Hofbauei,^® by implantation of the substances of the anterioi lobe or by 
injection of anterioi hypophj^seal extiacts, demonstiated endometrial 
changes similai to those of endometiial hyperplasia The geneial 
acceptance is at piesent that endometrial hyperplasia is the result of the 
unopposed and continued action of an excessive amount of the estro- 
genic piinciple derived fiom the multiple folhculai cysts of the ovaiy 

The morphologic and functional chaiacteristics of an endometrioma 
and of the uterine endometrium are similar, the integrity and function 
of the endometrioma aie dependent on the presence of active ovarian 
tissue, since castration causes regression of the tumor, the endome- 
trioma presents decidual leaction during pregnancy, it undergoes the 
phases of the menstrual cycle, changes dependent on the ovarian hor- 
mones, and, as proved by Gleave in rabbits, the presence of the 
estrogenic principle is essential for the maintenance of the lesion 

Since the ovarian follicular hoimone is the cause of endometiial 
hyperplasia and since the histologic stiucture of the endometrioma and 
that of the uterine endometrium aie similar, it is logical to deduce that 
the Igniting factor of endometiioma which brings about the cellular 
metaplasia or the pioliferation of the endometiial implant is the estio- 
genic principle That such is the case is all the more firmly established 
by the fact that in many instances the endometrioma piesents hyper- 
plasia which IS typical histologically of endometiial hyperplasia and also 
by the high incidence of the association of endometrioma with uterine 
endometrial hyperplasia The fiequent finding of all the features of 
endometiial hyperplasia in an endometrioma, accompanied with similar 
changes in the uterine mucosa, indicates that the endometrioma can be 
caused only by the factor which determines the mucosal changes — the 
ovarian follicular hormone 

A distinction between endometiial hypertrophy or hyperplasia and 
the formation of a true tumor should be made In hypertrophy or 
hyperplasia the etiologic factor is an abnormally high concentiation of 
the ovarian follicular hormone in the circulation, acting apparently on 

14 Burch, J C, et al (a) Surg, Gynec & Obst 53 338, 1931, (b) Arch 
Path 17 799, 1934 

15 Hofbauer, J Surg, Gynec & Obst 52 222, 1931 

16 Gleave, H H J Path & Bact 33 675, 1930 
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non-nally susceptible tissue On the other hand, in the formation of a 
tumor, as in a case of endonietrioina, the increased amount of the 
estrogenic principle in the blood acts on a hypersusceptible tissue which 
has the capacity to concentrate the hormone at the site of the tumor 
and to react by pioliferation 

In a former contribution^" on the relationship between endometrial 
hyperplasia and uterine fibroids, the high incidence of ovarian endo- 
metrial implants (30 per cent) was noted At that time the suggestion 
was made that these three conditions might possibly have a common 
etiologic background These figures have been lechecked and combined 
with recent observations, and it has been found that ovarian and uterine 
endometriomas were associated with endometi lal hyperplasia and uterine 
fibroids in 64 per cent of the 44 cases studied, a figure far too high 
to indicate a mere coincidence 

Analysis of 44 Cases of Endometi wsi<; 


Type of Operation No of Cases 

Hysterectomy 44 

Bilateral salpingo-oophorectomy 18"^ 

Removal of all remaining ovarian tissue 10’^ 

Unilateral salpingo-oophorectomy 16 

Condition of the Myometrium 

Fibromyomatous 44 

Hyperplastic 24 

Fibrotic 6 

Adenomyomatous 8 

Normal 15 

Condition of the Endometrium 

Hyperplastic 40 

Premenstrual 4 

Condition of the Ovaries 

Multiple follicular C 3 'sts 44 

Corpus luteum (mature) 4 

Miscellaneous 

Salpingitis 18 

Adhesions 20 

Ovarian endometrial transplants 22t 


All ovarian tissue was remoied m 28 cases (64 per cent) 

t Fiftv per cent of the total , in combination with the 8 adenomyomas, 64 per 
cent of the total 

Other autlioi s hkew ise have called attention to the frequent associa- 
tion of endometi lal h}peiplasia, endometrioma and uterine fibioids In 

IJ Witherspoon, J T Surg, Gjnec cT Obst 56 1026, 1933, Endocrinology 
18 703, 1933 
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Jef¥coate’s senes of 113 cases of endometriosis 79 women (71 per 
cent) presented endometrial hyperplasia, while 31 (28 per cent) pre- 
sented uterine fibroids Allen, in his study of endometiioma, was 
impressed with the high incidence of the association of this condition 
with menstiual irregularities due to endometiial hyperplasia (70 per 
cent) and uterine fibroids (41 per cent) and the prevalence of relative 
sterility (60 pei cent) Smith, in 159 cases of endometrioma, noted 
associated endometrial hyperplasia m 42 per cent and uterine fibroids in 
52 per cent of the patients 

Not only the uterine and the aberrant endometrium is stimulated to 
hyperplasia and tumor proliferation by the estrogenic principle, but the 
uterine musculature also is affected Because uteime fibroids are 
slow-growing tumois, the stimulation of the ovarian follicular hormone 
must be effective over a piolonged period m older that the formation of 
the fibroid can occui Geschicktei , Lewis and Hartman have gone a 
step furthei in describing the action of the estiogenic principle Their 
conclusion seems to indicate that gynecomastia in the male and virginal 
hypertrophy and the foimation of fibro-adenoma in the female breast 
aie dependent on the pathologic variations in the action of the ovarian 
follicular hormone on the epithelium of the mammaiy ducts, and that 
piolonged and mteiiupted stimulation by the estrogenic principle lather 
than brief, high concentiation is necessary for the pioduction of these 
abnormal conditions of the bieast 

It therefore seems logical to deduce that the multiple follicular cysts 
of the ovaries, m the absence of corpora lutea, which cause, thiough the 
action of the estrogenic principle, endometrial, uterine and mammary 
hypeiplasia or hypei trophy, likewise cause endometriomas, uterine 
fibroids and mammaiy fibro-adenomas 

There aie two clinical features — functional uterine hemoiihage and 
sterility — that are associated with endometiioma, and their occui rence 
IS explainable by the hypothesis just stated Menstrual irregularities 
frequently accompany endometrioma, yet the source of the bleeding 
cannot, in many cases, be asciibed to the endometrial tumor However, 
such hemorrhage can easily be explained by the associated endometrial 
hyperplasia of the uterine mucosa Likewise the high frequency of 
sterility (60 per cent) with endometrioma is due to the presence of 
the multiple follicular cysts of the ovaries in the absence of ovulation 
and of the formation of corpora lutea 


18 Teffcoate T N A J Obst & Gynec Bnt Emp 41 684, 1934 

19 Allen, E Am J Obst & Gynec 26 803, 1933 

20 Smith, G V Am J Obst & Gynec 27 806, 1929 

21 Witherspoon, J T Surg, Gynec & Obst 57 87, 1934, footnote 17 

22 Geschickter, C F , Lewis, D , and Hartman, C G Am J Cancer 21 


828, 1934 
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CONCLUSION 

The hypothesis that all forms of overgrowth (hyperplasia, hyper- 
trophy or tumor proliferation) of the uterine endometrium and 
musculature, of the aberrant endometrioma and of the mammaiy glands 
are due to the same factor — the estrogenic piinciple — not only is sup- 
ported by clinical and pathologic data but it explains satisfactorily the 
simultaneous development of these conditions and their associated 
clinical features — uterine hemorrhage and sterility 
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In a senes of investigations we studied the transplantation of 
mammalian tissues, foi this purpose, in the majoiity of cases, we used 
thyroid gland and caitilage with the adjoining tissues parathyroid gland 
and fat, bone and muscle tissues Oui principal aim in these expeii- 
ments was to anatyze the relations which might exist between the 
oiganismal differentials of the host and transplant and the mode and 
intensity of the reactions of ceitain host cells against the transplant, as 
well as to ascertain the degree of toxicity of the body fluids of the host 
for the grafted tissues Definite relationships were observed to obtain 
between these two sets of conditions the character of the organismal 
differentials of the host and transplant and the effects of the host on 
the graft We thought it of interest to extend these investigations to 
birds. 111 order to determine whether we should find here, also, similar 
connections between these two factors Some expeiiments concerning 
transplantation of normal tissues in adult birds had already been made 
by several investigators (Loeb and Addison,^ Schultz, - Danforth®), 
but these seemed as yet insufficient to allow us to arrive at definite con- 
clusions so far as the problem stated here was concerned 

In regard to the technic to be applied in such investigations in birds 
and particularly in chickens, we suffered from a rather serious dis- 
advantage as compared with one who undertakes similar experiments in 
mammals such as guinea-pigs, lats and mice In the latter, one can 
readily use the aforementioned organs, which in their totality represent 
a sufficiently varied selection of tissues with which to judge the mode of 
reactions of the host against the transplant In chickens, on the other 
hand, transplantation of the thyroid gland, on account of its situation 

From the Department of Pathology, Washington University School of 
Medicine 

These investigations were carried on with the aid of a grant for research in 
science made to Washington University by the Rockefeller Foundation 
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3 Danforth, C H , and Foster, F J Exper Zool 29 52 and 443, 1928 
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far down in the neck adjoining the thorax, is much more difficult to 
accomplish without killing the animal , we chose, therefore, as tissues to 
be transplanted, pieces of skin in addition to the xiphoid cartilage and 
adjoining tissues Howevei, in using this technic, we introduced a 
number of variable factors which complicated the results and rendered 
their interpretation less ceitain Even the fate of autotransplanted skin 
in chicken may vary considerably because the unavoidable transfer of 
feathers with the epidermis may injure the transplant to a different 
degree m different cases, furthermore, the results ma}- vaiy in accor- 
dance with the thickness of the connective tissue on which the skin is 
situated, and there are other changes brought about by the way m which 
the sunounding host connective tissue may affect the ultimate shape of 
the grafted skin In transplantation of mammalian skin a cyst is readily 
produced, lined on the inside by the transplanted epidermis and filled 
with masses of keratin In the case of bird skin, a typical cyst occurs 
less readily , the skin is usually folded on itself without the typical forma- 
tion of a cyst, although an impel feet cyst may form In other cases, 
however, the epidermis may be everted so that the epidermis lines the 
outer instead of the inner side of this structure, and thus a nonspecific 
injury of the transplant tends to occur Moieovei, the epidermis as 
such, being a less sensitive reagent than the thyroid gland, is a less suit- 
able indicator of the leaction of the host against the graft As far as 
the xiphoid cartilage is concerned, the vai lety of associated tissues trans- 
planted with it IS usually less m birds than in mammals In the majority 
of cases, this graft contains merely cartilage tissue with some adjoining 
dense tendon-hke structures consisting of parallel strands of very dense 
fibrous tissue sepaiated by rifts, in which the cells are situated 

There is a last difficulty which one has to face in such experiments in 
birds Here the lymphocytes dominate in the circulation to a much 
gi eatei extent than in mammals , the reaction of the host against the 
giaft, a reaction in ivhich, as we have shown pieviously, the lympho- 
cjiies pla)”^ a dominating part, tends, therefore, to become very intense 
even when the discordances of either specific or nonspecific character 
aie relatively slight, and this fact makes accuiate grading of the degree 
of the reaction difficult On the other hand, it is possible by means of 
ti ansplantations m birds to study certain activities of lymjDhocytes more 
leadily than by means of mammalian transplantations 

EXPERIMENTAL OBSERVATIONS 

Sates 1 — ^\Ve first studied autotransplantation Examination took place 
between fi^e and thirh-fi\e dajs after the transplantation of the tissue, altogether 
fift\-one pieces of tissue were studied nncroscopicallj" As earl> as from five to 
se\en dajs after the transplantation of skin, giant cells were found around the 
keratin occasionalh, and connectne tissue surrounded either the epidermis or the 
keratin The epidermis of the transplants showed aariable degrees of preser\a- 
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tion, it was preserved in some cases and partly or entirely destroyed in others 
When the transplanted epidermis and cutis were destroyed, the growing connective 
tissue of the host moved toward the keratin, and here cells situated m the connec- 
tive tissue formed epithelioid and giant cells around the keratin A connective 
tissue capsule often encircled the keratin masses with the giant cells In other 
cases the transplanted epidermis was well preserved and formed a cyst in the 
center of which was keratin In the preserved epidermal cells mitoses occurred, 
and, as a rule, the epidermis was best preserved when it rested on the transplanted 
cutis Either collections of lymphocytes were lacking, or very small clumps of 
lymphocytes arranged around vessels could be seen They did not penetrate into 
the epidermis If keratinized material had been carried into the connective tissue, 
a few lymphocytes collected around it Cartilage and the surrounding tendon-like 
connective tissue were usually well preserved, but occasionally some small areas 
of necrosis occurred in either or both of them Lymphocytes were lacking alto- 
gether, or only very small collections formed around particles of fat tissue trans- 
planted with the cartilage or around some foreign body These lymphocytes 
usually were arranged around vessels, they were apparently not attracted by the 
cartilage or tendon-like tissue, as such 

Sometimes there took place under these conditions a disequilibration between 
the cartilage and the connective tissue Cells from the surrounding connective 
tissue or from the tendon-like tissue moved toward the piece of cartilage and 
collected around it Connective tissue cells moved around the piece of cartilage 
m a concentric direction and formed a capsule about it They often penetrated 
also into the periphery of the graft in a concentric direction corresponding to the 
fibrillar structure of the cartilage as indicated by the long axes of the cartilage 
cells In some cases they then turned in a direction approximately at right angles 
to the long axis of the cartilage cells, thus penetrating slightly into the interior 

of the cartilage Moreover, they possessed the power to split and dissolve the 

cartilage , in doing so, they sometimes enlarged Either m the cartilage or m the 
surrounding dense fibrous tissue, some cells coming from the connective tissue 
could change into epithelioid or giant cells, especially in places where an obstacle 
presented itself to their progress The connective tissue cells also accompanied 
some vessels which grew into the cartilage It seemed that the connective tissue 
was especialty attracted by large cell epiphyseal cartilage No mitoses were 
observed either in the connective tissue or in the cartilage cells In some instances, 
also, transplanted fat tissue and bone marrow with myelocvtes were well preserved 
We found then, on the whole, that the transplanted cartilage was well pre- 
served, and in no case did we find extensive collections of lymphocytes around it 

On the other hand, active migration on the part of the connective tissue was often 
noticeable, and giant cells developed around hard and rough material 

Sems 2, 3 and 4— We shall now compare with the results of autotransplanta- 
tions those obtained in a series of syngenesiotransplantations (series 2) in which 
pieces were transplanted from brother to brother (or sister) , in some of these 
experiments strains of chickens that had been inbred for a number of years were 
used Altogether seventy-nme pieces of skin and cartilage were transplanted, and 
the examination took place from five to thirty-five davs after the transplantation 
In senes 3, the same kinds of tissues were transplanted into other, not near-related 
chickens belonging to the same ^aTJety, such as White Leghorn or Rhode Island 
Red chickens As a rule, tissues A%ere exchanged between birds belonging to two 
strains of the same variety obtained from different breeders In some of these 
experiments long inbred strains were used Here, twenty-nine transplants of skin 
and the same number of transplants of cartilage, totaling fifty-eight pieces, were 
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examined at periods varying between nine and thirty-five days following trans- 
plantation In series 4, transplantations were carried out between birds belonging 
to different varieties, such as White Leghorn, Plymouth Rock and Rhode Island 
Red Forty-six pieces of skin and fifty-one pieces of cartilage, making altogether 
ninety-seven pieces, were examined from eight to thirty-five dajs after trans- 
plantation We shall not give a complete survey of our findings, but shall report 
on some observations made at certain periods following transplantation 

(a) From the Fifth to the Ninth Day Following Transplantation Senes 2 
As early as after five days, small masses of lymphocytes were found around some 
capillaries Occasionally collections of lymphocytes were somewhat denser Dur- 
ing the eighth and ninth days, lymphocytes moved into the fibrous tissue and began 
to dissolve it They were found also in the fibrous tissue underneath the epidermis 
in the skin transplants They penetrated into the tendon-like transplanted fibrous 
tissue, primarily along the preformed longitudinal interstices, which offered a path 
of least resistance In some collections of lymphocytes small particles of detached 
fibrous tissue of the host were found, which we may take as an indication of the 
destructive action of the lymphocytes Connective tissue cells, enlarged and with 
ameboid processes, invaded the peripheral parts of the cartilage and the necrotic 
bone The transplants were surrounded by connective tissue capsules, which also 
sometimes contained a few strands of lymphocytes 

Series 3 and 4 The findings were similar , the lymphocytic infiltration on the 
whole was slight, although it was possibly a little more extensive and denser than 
in senes 2 

Series 4 Some lymphocytes invaded the epidermis and the tendon-like fibrous 
tissue Giant cells were found around the keratin, especially where the epidermis 
was missing The latter seems to exert a certain protective effect against the 
invasion of the transplant by the connective tissue of the host 

(ii) From the Tenth to the Eleventh Day Following Transplantation Series 2 
The lymphocytic infiltration on the whole was not very extensive, although in 
some places it may have been more marked , some lymphocytes penetrated into 
the transplanted epidermis 

Series 3 The tendon-hke fibrous tissue was invaded by enormous masses of 
lymphocytes The l>mphocytes accumulated especially around blood vessels and 
united into nodes They invaded the epidermis, a part of which they destroyed 
Connective tissue cells, as well as nodes of lymphocytes, invaded also the tendon- 
hke fibrous tissue, the lymphocytes as usual moving especially in the preformed 
longitudinal interstices , the lymphocytes entered also cartilage and bone and 
destroj'ed both tissues Some giant cells formed around necrotic areas of car- 
tilage Although the Ijmphocytic infiltration was marked, it affected as yet mainly 
the connective tissue around the transplants and to a less extent the transplanted 
tissues themselves 

Series 4 A system of Ivmphocytic nodes had de\ eloped around lessels The 
conditions here were similar to those seen in senes 3 

(c) From the Tw'elfth to the Thirteenth Da}' Following Transplantation 
Scries 2 After thirteen days W'e found for the first time in syngenesiotransplants 
dense masses of lymphocjtes in the connective tissue surrounding the transplants, 
also nodes of hmphocvtes directh around the cartilage, as well as tendon-hke 
fibrous tissue around the epidermis Within some of the lymphocytic nodes tliere 
were seen remnants of muscle fibers and detached pieces of fibrous tissue, W'hich 
also nia\ be taken as an indication of the destructive action of the lymphocytes, 
these cells also entered the epidermis and broke into the keratin In the dense 
fibrous tissue thc\ mo\ed with ameboid processes in the direction of the fibers 
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The transplanted muscle tissue was necrotic, the transplanted dense tendon-hke 
fibrous tissue also contained some necrotic areas 

Series 3 Here, too, dense masses of lymphocytes, partly in the form of dis- 
tinct nodes, surrounded the transplant including the cartilage Lymphocytes pene- 
trated also into living epidermis and injured it 

Series 4 Again, dense masses of lymphocytes were found, not only surrounding 
the cartilage, but penetrating into it and replacing a great part of this tissue 
While the dense fibrous tissue inhibited and retarded to some extent the advance 
of the lymphocytic masses into the transplant, the lymphocytes succeeded in boring 
their way also into this fibrous tissue, and m the end these cells in compact masses 
invaded and then dissolved it, even if its cells were still alive Ljmiphocytes and 
also connective tissue cells, in their destructive action, detached pieces of cartilage 
and bone from the transplant In the cartilage, the lymphocytes opened the spaces 
in which the cartilage cells were lying and filled these cavities Also around the 
skin transplant there were m places very dense infiltrations resembling lymph 
nodes , yet in the transplanted epidermis mitoses could still be seen, and great accu- 
mulations of lymphocytes separated the epidermis from the surrounding connective 
tissue We then noticed for the first time collections of lymphoblasts in the 
peripheral parts of these nodes The lymphocytes as a rule accumulated first 
around blood vessels While in the majority of these specimens there was thus a 
very marked lymphocytic infiltration, it was not present in all transplants, some 
variations occurring m this respect 

(d) From the Twenty-Fifth to the Twenty-Eighth Day Following Transplanta- 
tion Series 2 Cartilage and tendon-hke fibrous tissue were found to a \ariable 
degree dissolved and replaced by nodes of lymphocvtes, the peripheries of which 
were m certain cases surrounded by lymphoblasts , m other instances lymphoblasts 
themselves formed follicles situated in the peripheries of the lymphocytic infiltra- 
tions Mitoses occurred in these lymphoblasts , occasionally hemorrhages were 
seen m the nodules Also lymphoblasts were able to invade and destroy the 
tendon-like tissue Lymphocytic nodes surrounded the keratin of the skin trans- 
plants Connective tissue m places grew into necrotic areas of cartilage, leading 
to the development of fibrillar connective tissue 

Series 3 Necrotic tissue, cartilage and tendon-hke connective tissue were 
surrounded by a number of lymphocj'tic nodes , from these nodes lymphocytes 
penetrated into the cartilage, which they dissolved, and, furthermore, into the 
tendon-hke tissue in the direction of the preformed interstices Likewise connective 
tissue cells penetrated into the cartilage and also into bone and dissolved these 
tissues 

Series 4 Enormous masses of lymphocjdes were found around the various 
tissues of the transplants The}' formed a continuous ring of lymphocytic nodes 
about these structures, penetrating into them in strands and, in the end, over- 
whelming and destroying them The cartilage was also invaded by these cells, 
preferably m the direction of the fibnllae in the cartilage, it was evidently easier 
for them to proceed in these interstices than to push their way into the cartilage 
at right angles to this direction Thej were furthermore able to convert the 
tendon-hke tissue into a finely fibrillar material which stained much more lightly 
with eosin than the original tissue which they had invaded Some lymphocytes 
enlarged while entering the cartilage In certain instances bone also was over- 
whelmed with lymphocjtes, and lymphocytes were seen between the keratin mate- 
rial, which, m addition, was surrounded by hyaline masses corresponding to necrotic 
giant cells Connective tissue cells likewise invaded the cartilage and here assumed 
the character of a myxoid connective tissue 
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COMMENT AND CONCLUSIONS 

From these experiments we may draw the following conclusions In 
birds, as well as m other classes of vertebrates, the relation of the 
orgamsmal (individuality, race) differentials is the essential factor which 
determines whether or not the host will affect the transplant injuriously 
In autotransplantations injurious reactions are lacking, except those 
which are due to extraneous accidental factors, while in all other trans- 
plantations (syngenesiotransplantations, homeotransplantations and 
intenacial transplantations) they are present They were also found in 
former experiments in which homeotransplantation and heterotrans- 
plantation of skin was carried out in birds 

In birds the lymphocytes represent a much higher peicentage of the 
leukocytes circulating m the blood than in mammals, coi i espondmgly in 
birds the lymphocytic i eaction against a transplant is much more intense 
than in mammals if the orgamsmal differentials of the host and the 
tiansplant differ Thus even after syngenesiotransplantation in inbred 
strains of fowls the lymphocytic reaction may be very intense This 
great intensity of reaction and the great sensibility of birds to strange 
transplants, resulting from the great activity of the lymphocytes, make 
difficult a finer giadation of the intensity of the i eaction m accordance 
with the lelationship between the host and the transplant, as difficult as 
would be an attempt to measure differences m weight as great as many 
grams by using a balance responding to differences of a fi action of a 
milligram Nevertheless, theie aie indications that, on the aveiage, the 
leactions weie least intense m ti ansplantations between brothers belong- 
ing to inbied stiains and most intense m cases of interracial tiansplanta- 
tion However, since m the former type in individual instances there 
occiii ceitain variations in the strength of reaction, which sometimes can 
be very strong, it would be difficult to piove such a gradation in an 
exact manner, although theie is, as stated, an indication that a relation 
between the intensity of reaction and the distance of relationship betn een 
the orgamsmal diffeientials exists 

Because of the gieat intensity of the lymphocytic i eaction m birds 
against tiansplants of chicken tissues, especially those of cartilage and 
tendon-like fibrous tissue and even bone, it is possible to recognize the 
marked ability of Ijmphocjtes to unmade, destroy and, m paiticular, to 
dissolve resistant tissues like cartilage and dense fibrous tissue In 
homeoti ansplantations and interracial transplantations (series 3 and 4) 
extensive lymphocjtic mfiltiatioii nas first observed aftei ten and eleven 
dajs. nhile in sj ngenesiotransplantation (senes 2) it was first observed 
after thirteen da>s The Ijmphocytes eithei dissolve such giafts or 
leaie merely a finely fibiillar material, m some cases their destructive 
action may detach pieces of fibious and of muscle tissue, which are then 
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included m nodulai accumulations of these cells The lymphocytes 
invade the transplant preferably in the direction of least resistance, thus 
the pseudopods, which the lymphocytes as well as connective tissue cells 
send out while migrating, have evidently the best chance of effecting 
locomotion of the whole cell However, lymphocytes are able to pene- 
tiate also at right angles to these preformed fissures and to invade the 
tissue directly The same observation can be made m the case of con- 
nective tissue cells, but it seems that while, as a lule, connective tissue 
cells invade only dead tissue, lymphocytes more readily invade and 
destroy living stiuctuies However, connective tissue cells are able to 
push their way between living structures also and thus to separate them 

The reaction of lymphocytes against transplants leads to the accumu- 
lation of these cells around blood A^essels Here they form folhcle-hke 
masses , but toward the end of the second week or duimg the third week 
there appear, in addition to the small lymphocytes, collections of large 
lymphoblast-hke cells, in which mitoses aie frequent These cells may 
collect also m the form of small follicles, situated in a diffuse mass of 
lymphocytes, especially m the peripher}'^ of the connective tissue and 
surrounding the transplants, and they may also invade and destroy the 
strange tissue Such lymphoblastic accumulations remained visible until 
the end of the period during which we followed the fate of the trans- 
plants , they were found in syngenesiotransplantations as well as in 
homeotransplantations and interracial transplantations, but around inter- 
racial transplants collections of lymphoblast-hke cells appeared first in 
the peripheral parts of the lymphocytic nodes, about thirteen days after 
transplantation, while lymphoblasts with mitoses appeared in the second 
series at sixteen days 

We may therefoie conclude that buds react quite generally in a very 
intense manner against the presence of tissue possessing strange oigan- 
ismal diffeientials Danforth and Foster ® appaiently arrived at a differ- 
ent conclusion They transplanted skin flaps from recently hatched 
chicks eithei to other chicks of the same inbied laces or to other laces, 
such as White Leghorn and Plymouth Rock In many cases the pieces 
of skin healed in peimanently in chickens belonging to other races, 
although the best results nere obtained in interchange of skin between 
members of the same inbred race , but this may have been due to acci- 
dental factors rather than to a similarity of the oiganismal differentials 
between the host and the tiansplant These authois stated their belief 
that individuality diffeientials exist in buds in isolated instances 

Howevei , this interpretation of their results is not the only one pos- 
sible In the fiist place, we must consider that they used foi their tians- 
plantations recently hatched chicks rather than adult birds, and judging 
fiom expel lences with mammals and also vith buds, ne should expect 
the reactions in veiy young hosts to be much milder It is furthermore 
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possible that when skin giafts heal in, in veiy young hosts, a giaclual 
adaptation may take place between the host and the transplant so that 
the grafts remain attached to the host even aftei the animal has leached 
the adult stage Secondly, the “take" oi “nontake" of a transplant is 
not a fully satisfactory test for the degiee of incompatibility of two 
oiganismal differentials A much finei index consists in the measure- 
ment of the intensity of the reaction of the lymphocytes, connective tis- 
sue and blood vessels of the host against the transplant Using such 
tests, we were able m these expeiiments to piove that the individuality 
differentials even between brotlieis belonging to inbied strains may 
differ from each othei, and that honieotransplantation and mteiiacial 
transplantation lead to very severe reactions of the host against the 
transplant Our results also accoid with the findings of May,'* who 
observed that in adult hzaids homeotransplantation of skin does not 
succeed, whereas autotransplantation is successful 

SUMMARY 

Orgamsmal and, m particulai, individuality diffei entials are piesent 
m birds, as well as in mammals, this is pioved by the diffeience m the 
lymphocytic reactions aftei autotransplantation and after syngenesio- 
transplantation and homeotransplantation Howevei, even i datively 
small differences in the constitution of the orgamsmal differentials cause 
so marked a lymphocytic reaction in birds that quantitative deteimina- 
tions of differences in the orgamsmal differentials between diffeient 
individuals m this species are rendeied difficult 

In birds the activity of lymphocytes and lymphoblasts is so intense 
m transplantations other than autotransplantation that the destiuctive 
effect, which both small and large lymphocytes exhibit, can be leadily 
recognized This destructive effect applies even to cartilage and bone 
substance 

4 May, R M Bnt J E\per Biol 1 539, 1924, Transplantation ammale. 
Pans, Gautliier-Villars, 1932 
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In a pievious coinmumcation ^ anomalies of the aide of Wilhs weie 
discussed which were thought to play an important role in the causation 
of encephalomalacia and ceiebial hemoirhage It was pointed out that 
theie IS an inci easing tendency to attribute to functional abnormalities 
some anatomic changes which aie undoubtedly the result of vascular 
lesions This is particularly tine in certain instances of encephalomalacia 
and cerebial hemoirhage Foi this reason, as was stated before, every 
demonstrable morphologic cause of vasculai distuibance should be 
searched for, carefully evaluated and luled out before an explanation 
IS given based on functional disturbance Anomalies of the ciicle of 
VVilhs with resulting interruption of the cii culation between the internal 
carotid and the vertebral aiteiies may, under certain ciicumstances, 
form the anatomic basis for encephalomalacia and cerebral hemoirhage 

The purpose in this communication is to describe thiee instances of 
encephalomalacia and ceiebral hemorrhage, the causes of which could 
not be detei mined until the internal caiotid arteries were completely 
dissected and seveie occluding lesions found m them These lesions 
weie thought to have been the etiologic factor in the lesions of the brain 

REPORT OF CASES 

Cask 1 — A 75 3 ^ear old woman who had shown moderate senile dementia for 
the previous eleven years was found unconscious at home the day she was admitted 
to the hospital On examination there were Cheyne-Stokes breathing and riglit- 
sided hemiplegia The pupils were contracted and did not react to light There 
were moist rales on the right side of the chest, the heart tones were faint The 
face and the lower extremities were edematous At the time of her admission to 
the hospital the rectal temperature was normal, but in the next five hours it rose 
to 101 6 F The white blood cell count was 24,700, with 90 per cent polymorpho- 
nuclear leukocytes The arterial blood pressure was 144 systolic and SO diastolic 
The clinical impression was that she had suffered a cerebral hemorrhage of the left 
hemisphere involving the internal capsule The ej'egrounds were not examined 

From the Department of Pathology of the Nelson Morris Institute, Michael 
Reese Hospital 

1 Saphir, O Anomalies of the Circle of Wilhs uith Resulting Encephalo- 
malacia and Cerebral Hemorrhage, Am J Path, to be published 
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At autopsy, the heart weighed 325 Gni There were coronary arteriosclerosis, 
myocardial fibrosis and chronic passive Iwpeieinia of the various organs Ihere 
r\as a generalized arteriosclerosis, with marked thickening of the arteries at the 
base of the brain No occlusion of the lumens of these vessels could be demon- 
strated There were nephrosclerosis of the arterial variety and bilateral confluent 
bronchopneumonia The skull revealed no evidence of fracture 1 here was a 
cerebral hemorrhage iinolving the left capsula evtrema, claustrum, external capsule 
and putamen and the posterior region of the left internal capsule The adjacent 
white substance of the brain up to the anterior portion of the left parietal lobe 
was grayish pink and finely granular and did not reveal the normal architecture 
The left lateral \entricle was filled with clotted blood 

The cerebral arteries w-ere dissected, but neither they nor their finer branches 
showed occluding lesions The ^ertebral arteries w'ere dissected next but show'ed 
no occluding lesion, though arteriosclerotic plaques were numerous Since no 
definite explanation of the cerebral hemorrhages and encephalomalacia could be 
gnen, the possibilitj that a functional abnormality in the involved vessels had 
caused these conditions w'as seriously considered How’ever, before this explanation 
w'as accepted, both internal carotid arteries w'cre completely and carefully dissected 
These arteries, in the posterolateral regions of the pharynx, showed distinct tortu- 
ositv , the lumens of the arteries w'ere slightly encroached on In the region of 
the cavernous sinus, on each side, a firm, tumor-like mass was palpated When 
the structures of the cavernous sinuses were dissected, it was found that wdiat 
had seemed, on palpation, to be tumors w'ere markedly rigid internal carotid 
arteries Each vessel, from the intracranial opening of the carotid canal to the 
point where it divides into its final ramifications, was markedly elongated and had 
assumed the form of an S with very sharp curv'es The curves closely approxi- 
mated one another When the left artery was opened, it was seen that at the 
middle curvature of the S-hke loop a ridge was formed which completely occluded 
the lumen The ridge consisted of a thin calcified plaque A similar ridge was 
found projecting into the lumen of the right carotid artery at the corresponding 
site This arterj, however, though its lumen was extensively encroached on, was 
still patent 

Histologic examination of the brain revealed in many fields only indistinct 
outlines of brain tissue with many red blood corpuscles free m the tissue and many 
scavenger cells Sections taken from the internal carotid artery m the region of 
the cavernous sinus showed areas of hyalinization and calcification and large athero- 
matous cavities 

Summaiy — The brain of a 75 year old patient who was found unconscious with 
right hemiplegia showed large areas of hemorrhage and encephalomalacia Each 
internal carotid artery showed tortuosity in the region of the neck and elongation 
with S-hke curvatures in the region of the cavernous sinus In the latter region 
the left artery revealed complete occlusion of its lumen, while the lumen of the 
right artery was markedly narrowed 

Case 2 — A white woman, 60 years of age, who had had diabetes melhtus for 
a number of years, was admitted to the hospital because of pains in and discolora- 
tion of the right leg and toes On physical examination the heart revealed a 
systolic murmur at the apex and at the base The arterial blood pressure was 
170 systolic and 62 diastolic The plantar surface of the left foot revealed early 
gangrene The urine contained dextrose (d-f), acetone (4-f) and diacetic acid 
(3-f-), and the blood contained 162 mg of dextrose per hundred cubic centimeters 
Five days before death, right-sided hemiplegia without coma and motor aphasia 
developed The patient finally contracted bronchopneumonia, from which she died 
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narv . T bilateral bronchopneumonia, generalized arteriosclerosis, coro- 

nary arteriosclerosis, myocardial fibrosis and chronic passive hyperemia of the 
various organs Medial calcification of the femoral, popliteal and anterior and 

TheT^f was found, with occlusion of the lumens in various places 

The left foot and the toes of the right foot were gangrenous The brain revealed 





Serpentine aneurysms of the internal carotid artery A, the course of the 
carotid artery, the petrous portion of the artery is shown at a B, carotid artery 
in case 1, with a serpentine aneurysm in the region of the cavernous sinus, shown 
at a C, optic nerves (a) and internal carotid arteries in the region of the cav- 
ernous sinus in case 1, seen from above (&) D, carotid artery in case 3, with a 
serpentine aneurysm in its petrous portion (o) and a tortuosity in the posterolateral 
region of the pharynx (fi) 
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a large area of softening, dark gray and finel}' granular, winch extended through 
the white substance of the left temporal lobe to involve portions of the left parietal 
and the adjacent portion of the occipital lobe The arteries at the base of the 
brain showed marked arteriosclerosis Each internal carotid arter}^ m the region 
of the cavernous sinus, was lengthened and revealed an S-hke tortuosity The 
lumen of the left internal carotid arten’ corresponding to the distal cunature of 
the S loop was occluded by a ridge which w'as formed by a portion of the inverted 
wall of the arterj The lumen of the right carotid artery w'as markedly nar- 
row'ed The branches of both internal carotid arteries w'ere carefully dissected, 
and no occluding lesions were demonstrable 

Histologic examination of the brain revealed its architecture obscured in many 
fields There was an extensive infiltration by scavenger cells, and in many 
sections these cells were seen surrounding small blood vessels A few lymphocytes 
were also present Other sections show’ed nianv red blood cells free in the tissue 
Sections through the carotid arterj' revealed areas of hj'alinization and calcification 
and atheromatous cavities 

Sutiuimiy — The brain of a 60 vear old w'oman in whom hemiplegia de\ eloped 
revealed encephalomalacia with areas of hemorrhage On each side the internal 
carotid artery was markedly lengthened and tortuous in the region of the cavernous 
sinus The lumen of this portion of the left artery was occluded 

Case 3 — A 70 year old woman suffered severe dizziness and gradually sank 
into coma on the morning of her admission to the hospital She had been well 
prior to this, and her arterial blood pressure had never been high On examina- 
tion It was noted that the pupils did not react to light and were shghtlj irregular 
No abnormalities of the heart were found The pulse rate w'as 68 beats per 
minute, and the arterial blood pressure was 148 systolic and 80 diastolic Coarse 
rales w'ere heard m both lungs The Babinski reflex was positive bilaterally The 
eyegrounds could not be examined 

Autopsy revealed generalized arteriosclerosis with coronary arteriosclerosis, 
myocardial fibrosis and chronic passive hyperemia of the various organs There 
were acute purulent bronchitis and bilateral bronchopneumonia The skull pre- 
sented no abnormalities The subarachnoid space contained a moderate amount 
of hemorrhagic liquid A large area of hemorrhage and encephalomalacia was 
found in the right frontal lobe and m the white substance of the right parietal lobe 
The hemorrhage extended into the right lateral and third ventricles The right 
capsula extrema, external capsule, claustrum and lenticulate nucleus were almost 
completely destroyed The right internal capsule, however, was well preserved 
with the exception of its most lateral portion The arteries at the base of the 
brain showed severe arteriosclerotic changes Each internal carotid artery was 
carefully dissected throughout its whole course There were distinct tortuosity 
and lengthening in the posterolateral regions close to the pharynx The lumens 
in these regions were slightly narrowed The most severe changes were found 
in the petrosal portion of each internal carotid artery, within the carotid canal 
Here the arteries were almost completely transformed into pipelike structures Both 
arteries were curved into S-like loops with production of ridges That in the 
right artery had led to occlusion of the lumen In the region of the cavernous 
sinus each artery was thickened but not elongated 

Histologic examination of the brain revealed large areas of hemorrhage with 
only remnants of brain tissue In other areas the architecture of the brain could 
not be made out, the nuclei were poorly stained, and a few scavenger cells were 
observed 



40 


ARCHIVES OF PATHOLOGY 


Sninmaty The brain of a 70 year old woman who died in coma revealed 
hemorrhages and encephalomalacia The internal caiotid arteries in their cervical 
portions showed distinct tortuosity In their petrosal portions these arteries were 
lengthened and tortuous, forming S-like curves with production of ridges, which 
caused marked narrowing of the lumen of the left, and occlusion of the lumen 
of the right, artery 

COMMENT 

These three instances aie significant in that they reveal severe 
occluding lesions in the internal carotid arteries at locations where such 
lesions as a rule are not looked for, namely, in the legion of the cavern- 
ous sinus and within the carotid canal of the tempoial bone Narrow- 
ings of the lumens were also piesent m the first portions of the internal 
carotid arteries, in the phaiyngeal legion The encroachment on the 
lumens was the result of the toituosity of the vessels with inversion of 
parts of their walls and formation of bends oi kinks 

The tortuosity of the arteiies may be lefened to as cirsoid 
aneurysm, following the classification of Kaufmann - and of Karsner ® 
Kaufmann stated that in instances of cirsoid aneuiysm the involved 
arteiy is dilated, elongated and tortuous Karsnei emphasized that the 
cirsoid aneurysm is distinctly moie common m the smaller vessels, such 
as the temporal aiteries, where there is general dilatation associated 
with lengthening and tortuosity In this form of aneuiysm the piimary 
condition is some vaiiety of artei losclerosis Joies,"* on the other hand, 
stated that the dilatation of the lumen of an artery combined with tor- 
tuosity should be referred to as seipentine aneurysm He reseived 
the term “cirsoid aneurysm” for only those instances in which branches 
of the primal ily involved artery aie similarly dilated and tortuous 
If Jores’ classification is used, the lesions described heie should be 
classified as serpentine aneurysms 

Tortuosity of the inteinal carotid arteiy in the posterolateral region 
of the phaiynx is well described by Brown-Kelly,® who mentioned all 
degrees of bending between extreme tortuosity and slight curvatures 
Skillein® desciibed a marked degree of tortuosity of the artery in the 
cadaver of a person apparently 60 years old The ai tery was uniform in 
caliber Beginning at the skull and extending two thirds of the distance to 

2 Kaufmann, E Lehrbuch der speziellen pathologischen Anatomic fur Stu- 
dierende und Aerzte, ed 7 and 8, Berlin, W de Gruyter & Co , 1922 

3 Karsner, H Human Pathology, Philadelphia, J B Lippincott Company, 

1926 , , j „ 

4 Jores, L, m Henke, F, and Lubarsch, O Handbuch der speziellen 

pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1924, vol 2. 

P 608 

5 Brown-Kelly, A J Laryng & Otol 40 15, 1925 

6 Skillern, P G J A M A 60 172, 1913 
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the bifui cation of the common carotid aiteiy, an S-shaped tortuosity was 
obseived, the bends of which extended at no time moie than 1 cm fiom 
a line repiesenting the axis of the normal arteiy Fishei ‘ stated 
that such tortuosity may be explained phylogenetically, since in 
many of the mammalia the internal caiotid aiteiy is even moie toituous 
than It IS in man, and quoting Chauveau he stated that the internal 
carotid artery of the seal, for instance, is actually foity times as long 
as the distance it has to tiaveise This, howevei, could not be con- 
fiimed by Carmel® Brown-Kell} described the tortuosity of the aiteiy 
in pel sons of varying ages and stiessed its i elation to senile (arteiio- 
sclerotic) changes and to congenital inalfoimations Streit” stated that 
aitenoscleiosis was the piincipal cause of the toituosity which he 
described in the internal carotid arteiy Schaeffer leviewed the litera- 
ture and stressed the fact that age has no bearing on the development 
and presence of toituosity in an internal caiotid aitery Caimack^^ 
stated that abei rations of the internal caiotid aiteries piobably occur 
more frequently than is realized, and that their occurrence invaiiably 
brings the vessel closer to the tonsil and pharynx 

Jastram,^® quoting Broesike, named five locations wheie cuivatures 
of the internal carotid aiteiy may piedispose to tortuosities (1) just 
behind the bifurcation, (2) just beneath the base of the skull, (3) 
within the carotid canal, (4) within the sulcus caioticus close to the 
sella turcica, (5) m the region of the impressio caiotica of the sphenoid 
bone It may be mentioned that no reference to tortuosity of an inteinal 
carotid arteiy within the carotid canal and cavernous sinus could be 
found in the literature studied 

It seems clear that in those regions wheie the internal carotid aitery 
normally is slightly toituous, this tortuosity may increase in aiteiio- 
sclerosis Joies called attention to the fact that the artenosclei otic 
process is often charactei ized by dilatation of the involved blood ves- 
sels combined with toitousity In none of the thiee instances described, 
however, was the tortuosity of the internal carotid aiteiy in the posteio- 
lateral region of the pharynx severe enough to have led to a maiked 
narrowing or occlusion of its lumen 

The sigmoid tortuosity of the artery within the carotid canal of 
the temporal bone was much more significant, because it had led to the 
foimation of a ridge which occluded the lumen The space within the 

7 Fisher, A G T Lancet 2 128, 1915 

8 Carmel, A G Anat Rec 39 343, 1928 

9 Streit, H Ztschr f Hals-, Nasen- n Ohrenh 30 315, 1931 

10 Schaeffer, J P J A M A 77 14, 1921 

11 Carmack, J W Laryngoscope 39 707, 1929 

12 Jastram, M Beitr z klin Chir 93 341, 1914 
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carotid canal is limited The walls of the canal, being osseous, cannot 
expand when the arteiy, as a lesult of arteriosclerosis, tends to become 
wider and elongated The inevitable result must be inversion of parts 
of the wall with formation of kinks and, because of the elongation, a 
change from the noimal simple curve in this location to the S-like tor- 
tuosity The walls of the carotid canal were still smooth This indi- 
cates that the changes weie not old enough to have produced erosions 
of the adjacent bony stiuctures 


In the first two instances the occluding lesions of the internal carotid 
arteries were found in the region of the cavernous sinus The sigmoid 
tortuosity in the fiist skull was so marked that it gave, on palpation, 
the impression of a tumor And yet, grossly, little was seen until the 
duia was removed and the cavernous sinus was dissected The increase in 
length of the caiotid artery from where it entered the cranial cavity to the 
point at which it divided into its final branches was about three times the 
normal length in this area m the first instance, and about two and a half 
times the normal length in the second instance The disproportion 
between the limited space in this region and the increase in length had led 
to the sigmoid tortuosity of the artery The combined effect of the tor- 
tuosity and the wndening of the lumen because of the arteriosclerosis 
had caused inversion of the wall at a point of the S-like curvature with 
formation of a ridge which resulted in the occlusion of the lumen 

As has been shown, an occluding lesion in the internal carotid artery 
was present in every instance This lesion must be considered as at 
least one factor in the causation of the encephalomalacia and cerebral 
hemoirhages The other factors were the aiterioscleiosis of the aitenes 
at the base of the brain and the coronary arteriosclerosis with resulting 


myocaidial fibrosis which was found in every heart 

Salinger and Peailman^® recently discussed ligation of the inteinal 
(common) carotid aiteiy They stiessed the fact that in a number 
of patients one internal carotid artery can be ligated wnthout causing 
vasculai disturbances of the brain, because of the adequate supply 
through the ciicle of Willis In senescence, howevei, with increasing 
arteriosclerosis of the arteries at the base of the brain and consequent 


nan owing of the lumens of the aitenes it seems cleai that the anas- 
tomoses cannot function as well as noimally And yet the circulation 
of the brain may be adequate to pi event vascular disturbances even 
though one internal carotid arteiy is occluded In patients ivho have 
coronary arteriosclerosis with increasing myocardial fibrosis, howeier, 
the point finally will be i cached at which the myocardium becomes 
insufficient, eithei gradually or suddenly Hence, if the vis a tergo is 
1 educed, theie may occui vascular insults to the biaiiis of those patients 


Pearlman, S J Arch Otolao’Hg 19 464, 1933 


13 Salinger, S , and 
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who show lesions m the ciicle of Willis oi in the iiiteina.1 caioticl 
arteries oi in both It seems important to considei these thiee factois 
m eveiy instance of encephalomalacia and cerebial hemorihage in the 
absence of thiombi or emboli m the aiteries of the biam 

The question aiises why the entiie hemispheie of the brain was not 
involved when one mteinal caiotid artery was occluded and theie was a 
considerable amount of arteiiosclerosis in the vessels at the base of 
the biain Because the vessels of the circle of Wilhs and the veitebial 
arteiies ivere patent, theie evidentl} ivas sufficient collateial cii dilation 
to prevent encephalomalacia being caused by the vascular changes as 
long as the heart maintained its noimal function When the myocardium 
began to fail the collateial ciiculation was apparently insufficient, and 
encephalomalacia and hemoirhage followed 

In evaluating the causes of vascular distuibances of the brain, the 
circle of Willis must be given caieful consideration, as was biought out 
in the pievious communication ^ It was shown that anomalies of the 
circle of Willis exist which lesult in complete sepaiation of the two 
mam arterial channels of the hi am Such anomalies aie encounteied 
not infrequently in loutine autopsies and pei se are of no consequence 
Tw'o brains w^eie desciibed’- which revealed aieas of encephalomalacia 
and cerebral hemorrhage without occluding lesions in the suppljing 
arteries In both instances, however, the blood could not pass through 
the posterior communicating arteries, and theie was also evidence of 
myocardial failure In these two instances, one of the three factors 
mentioned was very pronounced, namely, the absence of the collateral 
supply through the circle of Willis In the three cases repoited here, 
another of the three factors occupied the paramount place, namely, 
arteriosclerosis of the internal carotid artery with occlusion of its lumen 
As mentioned before, in every instance of this series evidence of 
myocardial failure was also found This was based, fiist, on the 
myocardial fibrosis and, second, on the passive hyperemia of vaiious 
organs It may be especially emphasized that this conception of the 
pathogenesis of encephalomalacia and ceiebral hemorrhage is based on 
morphologically demonstrable lesions and deductions diawm fiom these 
findings 

In this study I have attempted to show the impoitance of post- 
moitem examination of the entire body m the explanation of these 
brain changes, and particularly examination of the heart and internal 
carotid arteries, as well as of the biam I have also attempted to show' 
the importance of the examination of the various organs for evidence 
of chronic passive hyperemia In every instance of vascular distur- 
bance of the brain the entire course of the internal carotid arteries should 
be examined in order to locate morphologically demonstrable causes of 
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the biain lesions An examination of both veitebral arteries may also 
prove to be of value All these factors should be looked for and care- 
fully evaluated oi eliminated before the pathologist resorts to an 
explanation primarily based on functional disturbances 

The eternal reproach with which the morphologist is confronted 
culminates in the accusation that his reasonings are “post hoc” 
Naturally, it is the duty of the pathologist to combine the vaiious 
observations at autops}'’ and to try to relate the changes to piimary 
lesions In trying to adhere to this pimciple, occasional misconceptions 
may occur and a cause and effect relationship may be attributed to 
lesions which are only coincidental However, it seems preferable for 
the moiphologist to err m this respect rather than to resort too quickly 
to explanations which are not based on anatomically demonstrable 
lesions It IS conceivable that m the instances reported here and in the 
previously lepoited instances in which brains revealed anomalies of the 
circle of Wilhs, spasms of the arteiies of the brain could have been 
held lesponsible for the brain changes, had the entiie internal carotid 
arteiies not been examined and had not sufficient attention been given 
to the circle of Willis But since these lesions were found in addition 
to evidence of myocaidial failure it seems clear that they can easily be 
correlated with the encephalomalacia and cerebral hemorrhages in a 
cause and effect relation Perhaps more detailed postmortem examina- 
tions will result in the finding of anatomic lesions similar in some respects 
to those described heie that will explain anatomic changes elsewheie 
which now are attributed to functional disorders 


SUMMARY 


In eveiy instance of encephalomalacia and ceiebral hemoirhage, the 
internal carotid and veitebial arteries should be carefully examined 
throughout then couise in older to locate morphologically demon- 
stiable causes of the lesions of the brain Three procedures should 
be observed in the explanation of these lesions in the absence of occlu- 
sions of the vessels at the base of the biam or of their branches 
1 The internal carotid and veitebral arteries should be examined 


throughout their couise for occluding lesions 2 The state of the circle 
of Wilhs should be studied with particular leference to congenital 
anomalies which may have caused an interruption of its continuity 
3 Moiphologic evidence of caidiac failure should be looked for, such 
as coronary arteriosclei osis with resultant myocardial fibrosis and 
chronic passive hyperemia of the various organs All these anatomic 
lesions should be searched for and carefully evaluated or eliminated 
before the pathologist lesorts to an explanation based piimanly on 
functional disturbances Three instances of encephalomalacia and 
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cerebial hemoirhage are repoited Occlusions of the niteinal caiolid 
aiteiies were found at locations wheie such lesions as a lule aie not 
looked foi, namely, in the region of the cavernous sinus and within the 
caiotid canal of the tempoial hone The occlusions were the lesult of 
the tortuosity of the arteiiosclerotic vessels with inversion of the walls 
and foimation of hends or kinks If Jores’ classification is used, such a 
lesion of the artery is referred to as seipentine aneurysm 



STUDIES ON SPONTANEOUS RECOVERY FROM 
PNEUMOCOCCIC INFECTION IN THE 
GUINEA-PIG 
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MOYER S FLEISHER, MD 

ST LOUIS 

The studies here reported relate to two questions 1 What inter- 
pretation in 1 elation to resistance to infection may be placed on the 
local cellular reaction in the couise of infection? 2 What significance 
in relation to infection may be placed on the phagocytic activity of leuko- 
cytes in the course of infection ? 

Since we wished to observe the diffei ences occurring when infected 
animals die and when they lecovei spontaneously, it was necessary to 
permit the experimental infection to run its natuial course, it was there- 
fore possible to observe only a limited part of the reactions occurring 
in the infected animals 

MATERIAL AND METHODS 

In all experiments guinea-pigs were used, in practically all cases a strain of 
Pneumococcus type I was used The virulence of this strain was maintained by 
repeated passages through mice so that it was lethal for mice in dilutions of 
lO'S or 10'® The guinea-pigs were infected by intrapentoneal injections of eighteen 
to twenty -four hour serum dextrose broth cultures , usually 0 25 cc of an undiluted 
culture was administered, as it was found that a limited number of animals so 
infected survived After infection, fluid was withdrawn from the peritoneal cavity 
at periods of thirty minutes, one hour, six or eight hours, twenty-four hours, two 
days and subsequently at twenty-four hour intervals, smears of the peritoneal 
exudate were made and stained with Wilson’s stain (for counting cells and deter- 
mining phagocytosis), and cultures of the fluid were made to determine the presence 
of the infecting organism In a number of cases comparison was made of the 
peritoneal fluid studied by the stained smear with that studied by intravital staining, 
in practically all cases the percentage of mononuclears was higher in the intravitally 
stained specimens, so that there were from 5 to 10 per cent more mononuclears 
counted in these Since there was this relatively small but fairly constant difference 
we retained the stained smear in counting cells At least 200 cells were counted 
and in many cases from 500 to 900 cells, several portions of the smear were con- 
sistently Examined The phagocytosis was determined on the basis of the number 
of cells of each type containing bacteria and is therefore expressed as a percentage 
of phagocytosmg cells In addition, in a considerable number of cases, but not 
in all, blood cultures were taken during the course of infection 

From the Department of Bacteriology^ and Hygiene, St Louis University 
School of Medicine 
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PNEUMOCOCCIC INFECTION IN THE GUINEA-PIG 

Usually within thirty minutes and always within an hour after injection, the 
organisms had passed into the blood stream The animals showed little evidence 
of illness within the first twelve hours, but by twenty-four hours they were list- 
less, their hair was ruffled, and they ate and drank little If they survived the 
first twenty-four or forty-eight hours they showed emaciation The duration of 
the infection varied widely Some animals (eleven) died within the first twenty- 
four hours, a considerable number (ten) survived for two, three or four days 
and a few (ten) for from five to ten days, only to die after these longer periods 
A few (three) died after the tenth day Eighteen survived the infection 

In all cases in which the survival was shorter than six or seven days the 
pneumococci were constantly demonstrable in the peritoneal fluid When, however, 
the period of survival was longer than seven days, it often happened that a positive 
culture was not obtained from the peritoneal fluid for a day or for several days 
before death In some cases even in the last culture taken before the death of the 
animal no pneumococci were cultivated, in other cases, however, the pneumococci, 
after being absent from cultures for a time, uere demonstrable before the death 
of the animal In those experiments in which the ahimals receiving injections 
survived, the organisms had usually disappeared from the cultures of the peritoneal 
fluid before or at about tlie fifth or sixth day and did not reappear Since some 
animals died from twenty to thirty days after the injection of pneumococci in 
spite of the fact that the cultures of the peritoneal fluid had been negative for 
two days or more, it was essential to formulate criteria of recovery The guinea- 
pigs which died never recoiered from the emaciation which occurred during the 
acute stage of infection Therefore, only animals which survived beyond thirty 
days after the injection and which regained their weight after the acute stage of 
the infection were classed as recovering animals 

THE CELLS IN THE NORMAL PERITONEAL FLUID 

The cells normally present in the peritoneal cavity of the guinea-pig were 
studied by Gardner i with intravital stains Our studies were, as stated, carried 
out by means of stained slides In counts in twenty-four normal animals we found 
the percental distribution of the leukocytes to be neutrophils, from none to 5 , 
eosinophils, from 15 to 27 , lymphocytes, from 8 to 19, and mononuclears, from 
60 to 7S 

CHANGES IN THE CELLULAR ELEMENTS OF THE PERITONEAL FLUID 
UNDER THE INFLUENCE OF IRRITANTS 

Effect of Nonliving hnfants — If any foreign material or other irritant is 
introduced into the peritoneal cavity (0 9 per cent sodium chloride solution, broth, 
aleuronat, silver nitrate solution), in the first six hours there will be a drop in 
the number of mononuclears, a relative rise in the number of lymphocytes and 
eosinophils and somewhat later a further fall m the number of mononuclears, a fall 
in that of lymphocytes and of eosinophils and an increase in number or an appear- 
ance of neutrophils This early sequence of changes is constant and occurs as a 
response to the introduction into the peritoneal cavity of any irritant (including 
pathogenic bacteria) 

Often at six hours the neutrophils have reached a maximum percentage varying 
between 58 and 90, and by twenty-four hours the percentage of these cells has 


1 Gardner, L U Proc Soc Exper Biol & Med 26 690, 1928-1929 
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usually but not always begun to fall The percentage of mononuclears is usually 
at the lowest at six hours and has begun to rise at twenty-four hours Lympho- 
cytes and eosinophils are frequently absent at six and at twenty-four hours, or 
may be present only in very small numbers At forty-eight hours the neutrophils 
are still present, their percentage varying between 1 and 20, the percentage of 
mononuclears is approximately normal, and a few eosinophils and lymphocytes are 
present It is, however, questionable whether we may state that the cellular 
contents of the peritoneal cavity have returned to normal, since neutrophils may 
persist (from 1 to 10) for from four to six days after the injection, and the 
eosinophils may remain relatively low for six days or longer The complete 
restoration to normal is, therefore, a relatively slow process 



Chart 1 — Percentages of neutrophils, mononuclears and phagocytosmg cells 
in peritoneal fluid of animals given mtrapentoneal injections of avirulent (rough) 
pneumococci Solid lines represent neutrophils (left side of chart) or mononu- 
clears (right side) , beaded lines represent phagocytosmg cells 


Effect of Nonpathogemc Bactena — ^When avirulent or nonpathogenic bacteria 
were injected (2 cc of a twenty-four hour broth culture of an avirulent strain of 
hemolytic streptococci, Corynebacterium pseudodiphthenae or avirulent pneumo- 
cocci) the reaction differed very little from that occurring when a nonliving irritant 
IS injected intrapentoneally Occasionally the neutrophil percentage was still high 
at twenty-four hours after injection, and it might remain relatively high (above 
25 per cent) at forty-eight hours , in those cases in which the neutrophils remained 
high the mononuclear cells rose less rapidly toward the normal percentage It 
should be noted that cultures from the peritoneal fluid were positive at thirty 
minutes, one hour and usually six hours after injection but were never positive 
at twenty-four hours after injection (chart 1) 



ROBBEN ET AL—PNEbMOCOCClC INFECTION 


49 


Effect of Vuulcut Bacteita — When virulent pneumococci were injected intra- 
peritoneally there was presented a different picture from that just discussed It 
IS advisable to separate the animals which succumbed to the infection into groups 
(1) animals which died m a short period after injection, that is, within the first 
twenty-four to one hundred and twenty hours, and (2) animals which died after 
five days This is principally justified because the reactions tended to be uniform 
within the earlier period but became more irregular in the later periods It is 
not implied that there was an actual uniformity even in the periods through the 
ninety-sixth hour, the individual animals showed variations, but there was a 
tendency toward similarity of the reactions 

We may concern ourselves solely with the neutrophils and mononuclears since 
the eosinophils and lymphocytes were essentially negligible after the sixth hour 
subsequent to injection of the bacteria By the sixth hour and occasionally at 



Chart 2 — Percentages of neutrophils, mononuclears and phagocytosing cells in 
peritoneal fluid of animals given intrapentoneal injections of virulent pneumococci 
Solid line represents animals that survived, broken line, animals that died Open 
figures show neutrophils (left side of chart) or mononuclears (right side) , solid 
figures show phagocytosing cells 

one hour after injection the neutrophils had risen to 90 per cent or higher and 
continued at this level at the twenty-fourth hour and even on to the forty-eighth 
hour Usually, however, by the forty-eighth hour there had occurred a drop m 
the relative percentage of neutrophils so that these cells might represent from 50 
to 75 per cent of the cellular elements Twenty-four hours later there might 
be a further fall which, however, rarely brought these cells below 40 per cent 
of the total, and at ninety-six hours the neutrophils might fall to from 20 to 35 
per cent of the total cells At times, however, there occurred a secondary rise of 
the neutrophils at the seventy-second or ninety-sixth hour, and even at later periods 
the neutrophils might remain about 75 per cent of the total cellular elements 
(chart 2) 
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The mononuclears fell rapidly and sharply m the first six- hours (even at one 
hour these sometimes fell to from 7 to 25 per cent) and represented only about 
rom 3 to 15 per cent of the cells At tiventy-four hours they might still be 
present m a low percentage, but often at this time there was evident a slight 
tendency for them to increase, the percentage at this time was, however, rarely 
above 25 per cent After forty-eight hours the percentage might show a further 
rise to close to 50 as a maximum , however, at this period the mononuclears might 
still be low, representing only slightly over 10 per cent of the cells At ninety-six 
hours their tendency toward an increase was more marked, the mononuclears 
usually varying between 30 and 65 per cent, and rarely was the percentage under 
the lower figure at this time 

If we consider those animals which survived for periods longer than one hun- 
dred and twenty hours, and in which the peritoneal cultures remained positive 
throughout the experiment, i e, until the death of the animal, we find that the 
percentages of neutrophils and mononuclears were much as in the animals which 


died before five days, but that after this time considerable variation appeared in 
the percentages of neutrophils and mononuclears from day to day It was noted 
m some animals that after an apparent reduction of the numbers of pneumococci 
in the peritoneal fluid on some of the earlier days (third and fourth) the neutro- 
phils fell and the mononuclears rose in percentage, but that when the numbers of 
bacteria increased, the neutrophils rose and the mononuclears fell Subsequently, 
however, the neutrophils decreased and the mononuclears increased up to the death 
of the animals 


Attention may be directed toward the lymphocytic reaction in these more 
extended infections The percentage of lymphocytes rose with the early increase 
in mononuclears and later tended to remain high even while there occurred varia- 
tions in the percentage of mononuclears This tendency toward an increase in the 
lymphocytes was, in general, characteristic of the later stages of infection (at or 
after the fourth day whether the animal eventually died or survived) There was 
considerable irregularity in this reaction from one animal to another and even 
m the same animal from day to day It is suggested that this increase in lympho- 
cytic percentage is rather a factor of time than a factor associable with develop- 
ment of resistance or progress toward recovery 


Reactions in Animals Recoveiing Spontaneously — A number of animals which 
received injections of pneumococci at the same time as those which served for the 
foregoing observations recovered spontaneously In all animals considered in 
this group the peritoneal cultures were positive for the first few days after injec- 
tion, usually through the fourth or fifth day after injection, but m some cases the 
positive peritoneal cultures persisted for longer periods After the cultures were 
once negative they remained so throughout the period of observation (pneumococci 
might still be seen within the cells, however, for several additional days) The 
number of pneumococci in the peritoneal cultures was usually comparable to that 
m the cultures from animals which died, except possibly on the day before the 
peritoneal cultures became negative, when the number was at times reduced In 
addition, in the cases in which animals recovered spontaneously blood cultures were 
positive m the earlier days and usually continued positive as long as did the 
peritoneal cultures (at times the blood cultures were negative twenty-four hours 
before the peritoneal cultures) It is apparent that in the animals which recovered 
there had existed a rather severe infection, and that recovery was not dependent 
on an initial power of resistance existing at the time of injection but must haie 
depended largely on a resistance built up during the period of infection 
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We can separate these animals into two groups those in which the infection 
lasted only from four to five days and those m which the infection lasted longer 
The majority belong* to the former group, in the first three or four days both the 
neutrophilic curves and the mononuclear curves were essentially similar to those 
observed in the animals which eventually succumbed to the infection At the 
fourth or fifth day, however, there was practically always a shift in favor of a 
high percentage of mononuclears and a low percentage of neutrophils m the sur- 
viving animals as compared with those which died It must be remembered that 
at this period the bacteria either were about to disappear or had disappeared , and 
conditions were similar to those observed in animals receiving injections either of 
irritants or of nonpathogenic bacteria at from twenty-four to forty-eight hours 
after the injection Except for the fact that the relations of neutrophils and mono- 
nuclears were restored toward normal with the disappearance of the bacteria, it 
was not possible to note any distinct difference in the cellular reactions in animals 
which died and those which recovered from the infection (cliart 2) 

Some animals which did not recover until after the fifth day showed positive 
cultures for from eight to ten days In these animals there was a rather rapid 
rise in the percentage of mononuclears in the first few days of the infection (at 
forty-eight, seventy-two or ninety-six hours) At the same time one noted the 
relatively early fall in the percentage of neutrophils in the first few days Beyond 
this period there occurred rather wide fluctuations in the percentages of neutrophils 
and mononuclears , this cannot be related to any demonstrable factor associated 
with the infection It is possibly of interest to note that immediately before the 
disappearance of the bacteria (as demonstrated by cultural tests of the peritoneal 
exudate) the neutrophils seemed to show a definite increase in percentage which 
might either disappear as the peritoneal culture became negative or persist for 
a few days thereafter Naturally, after the peritoneum no longer yielded positive 
cultures, the neutrophils fell (but only slowly), and in general the mononuclears 
rose toward their normal percentage In these animals which eventually recovered 
one noted irregularities m the percental relations of mononuclears and neutrophils 
similar to those noted in animals which succumbed to the infection after a long 
period 

Reactions in Passively Immumced Animals — Experiments were carried out in 
which guinea-pigs were passively immunized previous to the injection of the usual 
quantity of virulent pneumococci Twelve hours before the injection of the bacteria 
antipneumococcic serum type I was administered subcutaneously (the intra- 
peritoneal administration was not used so that irritation and resultant cellular reac- 
tion in the peritoneal cavity might be avoided) To one series of animals 3 cc 
of antiserum was administered, three of four animals died To a second series 
3 cc was administered subcutaneously twelve hours before injection, and an addi- 
tional 3 cc subcutaneously at the time of injection of the bacteria, all of the latter 
group survived In the first series blood cultures and peritoneal cultures were 
positive during the life of the animals, except that in the case of the one which 
recovered the blood culture was positive at six hours but negative at twenty-four 
hours, and the peritoneal culture was positive at twenty-four hours but not there- 
after In the experiments in which larger amounts of antiserum were injected, 
both blood and peritoneal cultures were positive at six hours but negative at 
twenty-four hours (chart 3) 

In spite of these differences in the course of infection the cellular reactions in 
the first forty-eight hours were essentially similar to those noted in other experi- 
ments in which bacteria were injected The neutrophilic reaction was sustained, 
and the mononuclear percentage was depressed, tending however to rise Again 
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there was noted the difference which 
disappeared , that is, a sharp increase 
fall in that df neutrophils 


appeared when the irritant (the bacteria) 
in the percentage of mononuclears and a 


OF AVIRULENT 


PHAGOCYTIC ACTIVITY IN THE PRESENCE 

PNEUMOCOCCI (rough) 

In four animals given injections of avirulent organisms the pneumococci were 

from 'r absent 

f om the peritoneal cultures at six hours after injection 

6 to 40 per cent of the neutrophils 
(p esent in relatively small numbers) had ingested bacteria At one hour the 



Chart 3 — ^Percentages of neutrophils, mononuclears and phagocytosing cells in 
peritoneal fluid of passively immunized animals given intraperitoneal injections of 
virulent pneumococci Solid lines represent neutrophils (left side of chart) and 
mononuclears (right side) , beaded lines, phagocytosing cells 


percentage of actively phagocytic neutrophils had fallen to between 0 and 6, and 
in most animals the phagocytic activity remained loiv or could not be observed , 
in two animals, one examined at four davs and the other at five days after infec- 
tion, bacteria was still seen in 10 and 20 per cent of the neutrophils, respectively 
In the earliest period (thirt}^ minutes) the mononuclears showed relatnely less 
phagocytic activity than the neutrophils, m one animal 10 per cent of the mono- 
nuclears had taken up bacteria while m the remaining ones from none to 3 per 
cent of the mononuclears showed phagocjtosis Usually at one and six hours 
there was no phagocytosis by mononuclears (one animal showed 5 per cent of the 
cells active at one hour) In most animals no phagocjtosis b^ mononuclears vas 
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evident at or after twenty-four hours, but in one animal 14 per cent were active 
at twenty-four hours, and in another animal very slight activity (from 2 to 1 
per cent) was noted at three days and five days (chart 1) 

It is apparent that phagocytic activity is most marked in the ver\ early period 
after injection of avirulent pneumococci, but that this activity subsides rapidly 
simultaneously with the disappearance of the bacteria from the cultures 

While It has been stated that at thirty minutes the percentage of phagocytes is 
higher among the neutrophils than among the mononuclears, one should keep in 
mind the fact that at this time the number of mononuclears is definitely greater 
than that of the neutrophils, so it is probable that m the early stages the mono- 
nuclears are quantitative!}' actually the more effective in phagocytic activitv 

Phagocytic Activity m the Picscncc of Vnulcut Pneumococci Reactions at fiovi 
Thnty Minutes to Six oi Eight Homs in Animals Which Died — ^Within the period 
of the first six to eight hours the phagocytic activity of both neutrophils and mono- 
nuclears was quite irregular In a considerable numbei of animals, probably about 
50 per cent, no phagocytosis could be observed 

In a series of fourteen animals at a period thirty minutes after injection phago- 
cytic activity by mononuclears (about 6 per cent) was observed m only one animal, 
and phagocytosis by neutrophils (about 13 per cent) in one other animal At one 
hour, however, phagocytic activity could be noted in about from 20 to 25 per cent 
of the animals either by neutrophils or by mononuclears or bv both In the case 
of the neutrophils the percentage of phagocytes rose as high as 50 or was as low 
as 6, when phagocytosis was evident at this stage there was a tendency for the 
activity to be fairly marked At this same period, in some animals, the mono- 
nuclears showed phagocytic activity, and usually it was less than that of the 
neutrophils 

At six hours there was a tendency for phagocytic activity to decrease, although 
in a few animals which had not shown any such activitj of the neutrophils at one 
hour there was evident a marked degree of phagocytosis (in from 40 to 75 per 
cent) , in other animals phagocytic activity was noted in 5 per cent or less of these 
cells In the case of the mononuclears the tendency toward little phagocytic activity 
was more marked than in the neutrophils, and the majority of the animals showed 
no mononuclear phagocytes , three of the fourteen considered here showed 14, 4 
and 4 per cent, respectively 

One must, of course, keep in mind (1) the fact that m these earlv periods the 
total number of leukocytes was usually small, except possibly at six hours, and 
(2) that this was a period of changing distribution of the types of cells — the mono- 
nuclears were falling and the neutrophils increasing in percentage Thus if there 
was noted a high percentage of neutrophilic phagocytes at one hour, this may have 
represented little actual phagocytic effect, if there was neutrophilic activity at six 
hours, this may be considered more significant, but the significance would vary in 
individual cases Since the mononuclears were decreasing in relation to the neu- 
trophils, mononuclear activity was decreasingly less significant, and the low point 
of mononuclear phagocytic activity corresponded to the low point of the mononu- 
clear percentage m relation to the total number of cells in the peritoneal fluid 
In comparing phagocytic activity in animals which eventually died and m 
animals which eventually survived it is not possible to note anj. difference at this 
stage , one may find relatively active phagocytosis or no phagocytosis m individual 
animals of each group 

Animals Dying Within Foity-Eight Hoias—ln all of these animals phagocytic 
activity was marked at twenty-four hours, which was the last period of observation 
This activity was evident in both neutrophils and mononuclears In the case of 
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the neutrophils which were, of course, the predominating cells, between 30 and 
60 per cent had taken up bacteria In the case of the mononuclears, which at this 
stage were relatively few, the percentage of phagocytes varied between 12 and 60 
in both types of cells in most of the animals the tendency was toward the higher 
percentage activity 

Animals Dying Within Seventy-Two Homs— In contrast with the group which 
died within forty-eight hours after injection, the animals which survived beyond the 
forty-eight hour period showed lower phagocytic activity at twenty-four hours 
In the latter at twenty-four hours between 4 and 35 per cent of the neutrophils 
showed activity, usually less than 15 per cent, between none and 40 per cent of 
the mononuclears showed phagocytosis, with a rather large number of animals 
showing no phagocytes and the majority from no phagocytes to 10 per cent How- 
ever, at forty-eight hours these animals without exception showed a marked degree 
of phagocytic activity in both types of cells Among the predominant neutrophils 
the percentage of the phagocytes varied between 65 and 95, and among the mono- 
nuclears, between 50 and 95 (with all but one animal showing a percentage 
above 65) 

Both in animals dying before forty-eight hours and in those dying before sev- 
enty-two hours large numbers of pneumococcus pairs were found free in the peri- 
toneal fluid, and in most cases the pneumococci practically carpeted the smear It 
is evident, then, that the leukocytes had ingested only a small portion of the 
bacteria, but it was striking that in every case the phagocytic activity had been 
marked at a period shortly before death of the animals 


Animals Dying Within Six Days — In the animals which survived longer than 
two days but which died within six days after injection of the bacteria the phago- 
cytic activity within the first six to eight hours was very similar to that previously 
described and showed the same amount of irregularity Nothing was observed m 
this earlier period in relation to the phagocytic reaction which differentiated these 
animals from those which died before the seventy-two hour period (chart 2) 

At twenty-four hours the phagocytosis by neutrophils was usually negligible, 
often being unobservable, and rarely did more than 5 per cent of the neutrophils 
show this activity At forty-eight hours, m the majority of the animals, phago- 
cytic activity was low (still below 5 per cent), although in one animal 33 per cent 
of the neutrophils had taken up bacteria From this time on until death the 
phagocytic action of the neutrophils was as a rule slight, the percentage of phago- 
cytes being between 0 and 5 per cent, but an occasional animal would on one day, 
rarely on consecutive days, show a percentage as high as 33 On the day before 
death the neutrophilic phagocytosis was practically uniformly low 

The mononuclears tended to be more active than the neutrophils, but there was 
rather marked irregularity in different animals Usually but not always phagocytic 
activity was evident at twenty-four hours, the percentage of the phagocytes rising 
as high as 45 in several animals, but in a few animals phagocytosis was absent 
from these cells or occurred in between 5 and 15 per cent At forty-eight hours 
there was usually some phagocytic activity, the percentage of phagocytes in one 
animal rising as high as 30, but usually it was between 5 and 15 m a few animals 
at this period no phagocytic activity was observable From this period onward 
mononuclear phagocytes were rarely absent, but in some animals the percentage 
seemed to vary from day to day between 5 and 40, tending possibly to center 
around 20 to 25 When the mononuclear phagocytosis had been high, a fall usually 
occurred on the day before death, but even at this time the phagocytic activity of 
the mononuclears was fairly marked It should be remembered tha m the latter 
days, third, fourth, etc, the mononuclears were generally tending to increase in 
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numbers even though with the continued presence of large numbers of leukocytes 
the neutrophils were probably the dominant cells 

Animals Dying Ajtei llic Sixth Day— In two animals which died after the 
ninth and before the tenth day certain rather similar tendencies were noted in the 
mononuclear activity but not in the neutrophilic activity In one the percentage 
of neutrophilic phagocjdes was increased markedly at the second and third days 
(from 55 to 60) , later continuing at about 2 to 5, but falling to 0 at the eighth and 
ninth days In the other animal the neutrophilic phagocytosis was negligible 
except at one day after injection In both animals the percentage of mononuclear 
phagocytes was high (from 70 to 90) m the earlier periods, that is, through the 
third day In the next few days it fell more or less gradually to a low of 0 on 
the seventh day m one animal and to 22 on the eighth day in the other animal 
In both animals it rose to between 50 and 70 on the ninth day, which was the last 
observation before the death of the animals 

Animals Which Swvivcd — In animals which recovered spontaneouslv phago- 
cvtic activity m the early period after infection (from thirty minutes to six or 
eight hours) by either or both neutrophils and mononuclears was observed at 
times and was occasionally marked or was at times absent or almost negligible 
The phagocytic activity of both neutrophils and mononuclears was essentially simi- 
lar at the early jieriod in animals which recovered and in those which eventually 
died 

At twentj'’-four hours the percentage of neutrophils that had ingested pneumo- 
cocci was usually low, being 0 or rarely above 5, but that of mononuclears showing 
this activity was usually high (between 15 and 90), although such activity was 
absent in some animals In general, the phagocytic activity in the group which 
survived corresponded to that which had been noted m guinea-pigs eventually 
dying after surviving beyond two days (chart 2) 

At forty-eight hours there was often a tendency for the neutrophilic phagocy- 
tosis to be more marked than at twenty-four hours, but a number of the animals 
showed little phagocytosis at this period Occasionally the percentage of neutro- 
philic phagocytes rose to 25, but usually it was below 5 The phagocytic activity 
of the mononuclears might now show a diminution when it had previously been 
high, the percentage of phagocytes falling to 5 or less, when it had been absent, 
phagocytic activity did at times rise, the percentage of phagocytes reaching a 
maximum between 25 and 40 Again in a few animals no phagocytosis by mononu- 
clears was observed 

After forty-eight hours there occurred at times an increase of neutrophilic 
phagocytosis, which might be brief and variable or might extend over several days 
In a number of animals some phagocytic activity of the neutrophils was noted at 
three days or over a period from the third through the sixth day, after which 
time, however, pneumococci were rarely seen m the neutrophils In general, the 
mononuclears tended to show less phagocytic activity after forty-eight hours, and 
there occurred a more or less uniform tendency toward a decrease extending 
through the fifth, sixth and seventh day In individual animals there were, how- 
ever, irregularities in this descending curve, variations occurring from day to day 
Usually in those cases m which the peritoneal culture was negative before or at 
the sixth day little or no phagocytic activity of either neutrophils or mononuclears 
could be noted at later periods , occasionally an isolated cell containing a few bac- 
teria was found, but it might probably be considered as a cell which had failed to 
digest the bacteria taken up at an earlier period 

At later stages, from ten to fifteen days after injection, occasionally there 
appeared showers of mononuclears which contained numbers of bacteria, but these 
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appearances were usually brief in duration and were not accompanied by an increase 
in the number of neutrophils or any evidence of neutrophilic phagocytic activitj 
In considering the phagocytic activity appearing m the animals which recovered 
spontaneously from the infection it was essential to bear in mind the fact that in 
these animals at a certain stage the peritoneal cultures became negative, in contrast 
to the fact that in the animals that died the cultures generally remained positive 
throughout In a majority of the cases in which animals recovered, the cultures 
from the peritoneal fluid were negative after the sixth or seventh day , m a number 
of cases the cultures were negative after the third or fourth day It should also 
be noted that during the first few davs after the injection the blood cultures were 
also positive It is apparent that with the disappearance of the pneumococci the 
phagocytic activity should fall However, evidence of phagocytosis persisted for 
a few days even after the cultures of the peritonea] fluid were negative This 
disappearance of bacteria from the peritoneal fluid must be given consideration 
when we compare the phagocytic activity in animals which survived with that 
occurring m animals which died 


Immune Animals — In a group receiving only one injection of antiserum the 
blood cultures were positive at thirty minutes after infection, and m those which 
died both the peritoneal and the blood cultures were positive until death In those 
animals which had received inadequate protection, the phagocytic activity at thirty 
minutes was negligible or absent as concerned both the neutrophils and the mono- 
nuclears, except in one animal (which did not survive) At one hour after injec- 
tion of the bacteria there was in some cases slight phagocytic activity of the 
neutrophils, but this was absent in one half of the animals, the mononuclears in 
three of the four animals showed no phagocytosis At six hours neutrophilic 
phagocytosis was more or less marked (between 5 and 25 per cent of the cells 
showing it), but mononuclear phagocytosis was absent m all animals At twenty- 
four hours practically all animals revealed fairly active phagocytic activity (except 
one animal which showed no phagocytic activity of the mononuclears) From this 
time on until the death of the animals phagocytosis was more or less marked in 
all, and the usual high phagocytic activity was noted in the mononuclears at the 
last observation before death In the case of the gumea-pig that survived the 
cultures of the peritoneal fluid were negative after twenty-four hours (the blood 
culture at twenty-four hours was negative), and the phagocytic activity of both 
types of cells fell sharply after twenty-four hours, although bacteria were seen m 
the cells (both neutrophils and mononuclears) even through the fifth day 

In the animals which were apparently adequately protected both the peritoneal 
and the blood cultures were positive at one hour but were negative after six hours 


and remained negative 

The phagocytic activity of both neutrophils and mononuclears was evident 
almost entirely within the first few hours At one hour after infection between 
50 and 60 per cent of the neutrophils (in one guinea-pig, howeier, less than 5 per 
cent) showed phagocytic activity, and between 5 and 30 per cent of the mono- 
nuclears showed this activity Tthe lowest percentage appearing m the same animal 
which showed only a small percentage of neutrophilic phagocytes) At six' hours 
both the neutrophilic and the mononuclear percentage of phagocytes had lallen, 
the former to from 30 to 50 (m the inactne animal, to 0) and the mononuclear 
to 0 in three of the four animals and to about 4 in the fourth At twenty- our 
Lurs no mononuclears showed actlvlt^, and the percentage of polvmorphonuclears 
that did was between 8 and 0 After twentj-four hours the phagocytic actnitj 
had practically ceased, but a few cells, both mononuclear and polj morphonuclear, 
contained bacteria tw'o da^s after injection (chart 3) 
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It js of interest to note the rather striking absence of phagocytosis in one 
animal of this series Only at one hour after injection was slight phagocytosis 
noted (in about 5 per cent of both mononuclears and polymorphonuclears), and 
thereafter no phagocytic activity was noted The cultures from this animal were 
identical with those from the remainder of the group 

COMMENT 

It may be questioned whethei this study of the cellular and phago- 
cytic reactions during the couise of infection by means of smears of 
the peritoneal fluid serves to give an adequate pictuie of the processes 
occurring m the body of the invaded host Since the pneumococcic 
infection becomes a general infection shortly aftei the injection of the 
bacteria it is recognized that cellular and phagocytic processes must take 
place in other parts of the body However, it may be assumed that this 
study gives a partial picture of the processes in the infected animal 

It is also to be noted as an essential limitation m these studies that 
the total number of cells m the peritoneal fluid during the course of 
the infection was not determined, it was impossible to determine this 
without killing the animals and thus defeating the possibility of deter- 
mining the outcome of the infection 

It IS also recognized that in the peritoneal cavity the omentum plays 
an important role m the course of infection ® A few animals were 
killed and smears from the omentum made at the early periods of infec- 
tion with the idea of permitting a comparison between these smeai s and 
those of the peritoneal fluid The changes m the distribution of cells 
at thirty minutes, one hour and six hours in the omental smears were 
essentially similar to those which had been noted in the free cells of 
the peritoneal fluid at the same periods That is, the mononuclears 
decreased, the neutrophils increased, and the eosinophils and lympho- 
cytes both diminished in numbeis As legaids phagocytosis, at thirty 
minutes the phagocytic activity of the neutrophils and mononuclears 
was high, being observed in about 75 per cent of the mononucleais and 
40 per cent of the neutrophils , at one houi the peicentage of the mono- 
nuclears showing this activity had fallen markedly to about 55 and 
that of the neutrophils had iisen to about 50 However, at six hours 
the percentage of neutrophilic phagocytes was between 15 and 20 per 
cent and that of mononuclear phagocytes was about 3 It seems apparent 
that the phagocytic activity of the wandering cells associated with the 
omentum is very much like that of the cells free in the peritoneal fluid 
There is, then, justification for assuming that the study of the pen- 

2 Durham, HE J Path & Bact 4 338, 1897 Dudgeon L S , and Ross, 
A Tr Path Soc , London 57 155, 1906 Buxton, B H , and Torrey, J C ' 
J M Research 15 55 and 73, 1906 
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toneal fluid gives a fair indication of what is occurring m the peritoneal 
cavity as a whole 

Through all these studies of the cellular response occurring in the 
peritoneal cavity subsequent to injection of irritant substances of various 
types one notes in the early stages the same sort of reaction In large 
part, the response up through the first twenty-four hours is the same 
An increase in the number of neutrophils begins to become evident at 
one hour after the injection and reaches a maximum sometimes at six 
houis and usually by twenty-four hours, a relative decrease appears 
in the mononucleais which is possibly actual m the first few hours, m 
addition, the lymphocytes tend to dimmish m number or disappear, 
the eosinophils show a relative increase in the first few hours (prob- 
ably not, however, an actual inciease), but soon their number is 
negligible This may be considered the routine i espouse to introduction 
of an irritant It is not assumed that in these first few hours the change 
in the cellular picture in the peritoneal cavity is principally an active 
one, but rather that the decrease in mononuclears is due to the adherence 
of these cells to the omentum - 

After this first twenty-four hour period the reaction depends on 
the persistence of the irritant When chemical substances or nonpatho- 
genic bacteria have been injected, the entire reaction tends to subside 
rapidly The percentage of neutrophils falls, and that of mononuclears 
rises so that by forty-eight or seventy-two hours cells of the lattei type 
dominate the pictuie, in addition, there may be noted m many cases a 
more or less marked increase of the lymphocytes The eosinophils do 
not tend to return to the noimal percentage for seven days or even 
longer, and neutrophils, Avhich are either feiv or absent in normal peri- 
toneal fluid, tend to persist for an equally long period 

If, hoAvevei, the irritant, m the form of bacteria, persists in the peri- 
toneal cavity, theie is not evident the same tendency toward restoration 
of the normal relations of the cellular elements The neutrophils tend 
to remain present in relatively large quantities for several days Even 
though the infection peisists, however, there may be noted the tendency 
for the relative numbei of neutrophils to decrease and for that of mono- 
nuclears to inciease There may occur irregular fluctuations in the 

relations of the two types of cells 

The tendency foi the mononuclears to increase at or after the 
twenty-fourth hour is obserA^ed in all animals Avhich survive for forty- 
eight hours This increase occurs even though the infecting agent is 
present It is possible that the increase in mononuclears is related 
principally to time and is not dependent on the stimulus (irritant), since 
in animals receiving injections of avirulent organisms the rise of mono- 
nuclears IS also noted after a someAvhat similar lapse of time How- 
ever m the animals receiving injections of avirulent organisms the 
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mciease in mononuclears is apparent eaiher than in those leceivmg 
injections of virulent organisms, this difteience may be appaieiit lather 
than leal and may depend on the neutrophilic reaction resulting fiom the 
presence of vnulent organisms masking the mononuclear inciease The 
assumption may be made that the neutiophihc reaction is essentially 
dependent on the irritant effect of the bacteiia and then products, while 
in contrast the mononuclear leaction is largely dependent on time and 
in part independent of the iiiitant 

If one compares the cellular reactions in animals which succumbed 
to the infection with that in animals which recovered, there is prac- 
tically no difference to be noted except, of course, m the recovering 
animals at the stage when the bacteria disappear from the peiitoneal 
cavity When the pneumococci have disappeared, the neutrophils tend 
to fall rapidly and the mononuclears to increase , it is certainly justifiable 
from the study of the cellulai leactions in individual animals to assume 
that the direction which the reaction takes at this period is the result 
of the disappearance of the iiiitant rathei than to assume that the 
pneumococci disappear as a result of the changes in the cellular elements 

If this interpretation of the cellular reaction is correct, theie is 
nothing in the quantitative characters of the cellular leaction 
which can be related to either recovery or fatal termination The cel- 
lular reaction in the peritoneal cavity cannot, then, be related to the 
processes of resistance to infection but must be assumed to be essentially 
determined by the factors of irritation oi stimulation as exerted by the 
pneumococci 

If one compares the phagocytic activity noted m normal animals 
which succumb to the infection with the activity in normal animals 
which survive one finds very little difference between the two lots 

In the earlier periods through six or eight hours the same tendency 
toward fairly active phagocytosis may be noted in a considerable number 
of animals, irregular it is true, varying as to neuti ophils or mononuclears, 
but definite in many animals In a number of cases in this study both in 
animals which survived and in those which succumbed, no phagocytic 
activity by either type of cell was noted It may probably be considered 
that in this early period before twenty-four hours after infection the 
phagocytic reactions m normal animals given injections of virulent 
bacteria are essentially nonspecific and not related to the possibility of 
death or recovery 

While usually both in animals which survived the infection and in 
those which died some time after the third day, phagocytic activity was 
depressed or absent at twenty-four hours or even occasionally at forty- 
eight hours, in those animals which died before the second or third day 
phagocytosis was usually marked at the last observation previous to the 
death of the guinea-pig It may be suggested that the active phagocy- 
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tosis was due to the presence of large numbers of bacteria, but m view 
of the fact that enormous numbers were present on the slides of the 
peritoneal fluid of all animals at this stage it is not likely that this factor 
played a role 

At twenty-four hours the phagocytic activity of the neutrophils was, 
with the exceptions mentioned, usually at a low ebb both in animals 
which survived and m those which eventually died , at this time phago- 
cytic activity of the mononuclears was usually evident, at times even 
marked, but occasionally absent 

After the twenty-four hour period the neutrophilic activity was 
usually absent, although an occasional guinea-pig showed phagocytic 
activity of this cell at the second, third or fourth day, this occurred 
in animals regardless of the later course of infection In both groups of 
animals the mononuclear phagocytosis was quite marked on the second 
day and through the latter periods, usually tending to show a slight 
increase at the observation just preceding the death of the animal The 
mononuclear phagocytosis in the later periods is all the more significant 
since the percentage of these cells in the peritoneal fluid was usually 
rising m the later periods 

When one compares the phagocytosis in animals which recover with 
that in animals which die, one must keep in mind the fact that in the 
former at a certain stage the bacteria are no longer demonstrable by 
culture in the peritoneal fluid In discussing cellular reactions it has 
been stated that the effect of removal of the irritating agent should 
become evident in the cellular reaction, and in a similar fashion it is 
apparent that the disappearance of the bacteria should affect the phago- 
cytic activity If one compares the phagocytic activity in the animals 
which recover with that in the animals which die one finds up to the 
time of disappearance of the pneumococcus similar tendencies and similar 
variations After the peritoneal cultures have become negative in animals 


which survive, the phagocytosis naturally falls 

If one considers the phagocytosis which occurs in the later stages 
of infection m practically all animals and especially that at the period 
g|^Qj-f]y preceding death in animals which succumb to the infection it is 
difficult to determine whether the leukocytes are ingesting only bacteria 
which have lost their virulence or are ingesting bacteria regardless of 
virulence Cultures of the bacteria obtained from the peritoneal fluid 
have not shown any rough colonies or any diminution of virulence for 
mice Certainly, one would have to assume that at periods twenty-four 
hours or later after infection there should be present only virulent 
organisms, since by selection and adaptation the avirulent organisms 
should have been lost The evidence presented suggests that in vivo, 
in the course of infection, the wandering cells of the host may and do 


ingest bacteria which are virulent 
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The phagocytic activity of the eosinophils should be noted In the 
early stages of the infection these cells are usually active, in many 
animals nearly 100 per cent of the eosinophils may contain bacteria 
Usually these cells take up few bacteria, only one or two pairs ot 
pneumococci are usually found within the eosinophil This early phago- 
cytic activity may be noted in animals which survive and in those 
which die, and is independent of the early neutrophilic or mononucleai 
phagocytosis Like the general trend of phagocytosis the eosinophilic 
phagocytosis is not noted in some animals 

In the early stages of infection, before twenty-four hours, there 
IS a tendency for both neutrophils and mononuclears to take up bacteria 
With due allowance for the differences noted in individual lots and 
individual animals, it seems that at this stage, when the preexistent 
mononuclears are present and the neutrophils are beginning to pass 
out from the vascular system into the peritoneal fluid, both these types 
of cells possess phagocytic ability After twenty-four hours there occurs 
a period in which nearly always the mononuclear cells show a consider- 
able degree of phagocytosis, and the neutrophils only occasionally 
show it In animals which die before forty-eight hours or seventy-two 
hours, however, the neutrophils show marked activity , in others surviv- 
ing longer periods the neutrophilic action is only rarely noted At periods 
beyond forty-eight hours the phagocytic activity in animals which die 
and in those which survive is chiefly confined to the mononuclears 
This is, of course, not due to either absence or small numbers of 
neutrophils It is evident that in the later stages of infection the neutro- 
phils play but little role in phagocytic activity, and the mononuclears take 
over this function It appears that although the phagocytic activity 
of neutrophils and mononuclears may be essentially equivalent when 
tested in vitro,’’ this is not the case in the course of infection, and at 
the later stages of infection the mononuclears are the active phagocytic 
cells even though neutrophils may be present in the peritoneal exudate 
m large numbers In this connection one may recall the stress which 
Gay and his co-workers ^ laid on the clasmatocytes in resistance to 
streptococcic infection 

If our results represent a fair cross-section of the phagocytic activity 
m fatal infection and in infection with recovery, it cannot be stated that 
phagocytic activity as shown by the free cells of the peritoneal cavity 
IS a factor in successful resistance developing during the course of 
infection 

If one compares the phagocytic activity in satisfactorily immunized 
animals with that appearing in normal ones (either dying or surviving), 

3 Lucke, B , Strumia, M , Mudd, S , McCutcheon, M , and Mudd, E B H 
J Immunol 24 455, 1933 

4 Gay, F P , Clark, A R , and Linton, R W Arch Path 1 857, 1926 
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it IS apparent that the leactions are lather different In animals which 
are completely immunized practically all phagocytic activity occurs 
within the first six to twenty-four hours, and after this period few 
phagocytic cells aie noted To a certain extent this coriesponds with 
the phagocytic activity noted when avirulent or nonpathogenic bacteria 
are injected into normal animals, but is moie rapid and more complete 
It IS what one might expect as a lesult of sensitization of the bacteria 
through the presence of antibodies It is possible that these differences 
m phagocytic activity between immunized and normal animals denote 
differences m the mechanisms leading to recoveiy, so that one cannot 
assume that the mechanism of resistance m the immune animal and that 
of resistance in the spontaneously recoveied animal aie identical These 
differences may he in the factors concerned in the two piocesses oi 
may he in the time and sequence of the various activities within the 
host, but the differences observed aie too striking to pass over with 
simply the assumption that the activity of antibodies aiding m phago- 
cytosis accounts for the apparent diffeiences 

Since there is the suggestion that neithei the cellular leaction nor 
the phagocytic activity can serve to explain the phenomenon of spon- 
taneous recovery from infection, we have to seek foi some other factoi 
as the vital one conceined Naturally, we turn to the concept of anti- 
body activity, and this phase is now under investigation It is interesting 
to note, however, that we did not observe in lecovenng animals the 
increase of phagocytic activity with the approach of recovery which 
may be expected if the tropic activity of antibodies is the vital one 
'concerned Furthermore, in a few animals which were apparently 
highly resistant to pneumococcic infection (animals which had been 
rendered immune with antiserum or which had recovered from infection 
and later were again infected with pneumococci) the peritoneal fluid, 
after injection of the bacteiia, remained sterile even at thirty minutes, 
and no phagocytosis and veiy little cellular reaction were noted in this 
fluid at any time Thus in the highly immunized animal evident reactions, 
at least as concerns the free cells in the peritoneal cavity, were absent 
Either the mechanism of resistance is associated with immediate engulf- 
ment of the bacteria and fixation of the bacteria on the walls of the 
peritoneal cavity (the omentum), or cellular reactions are negligible 
factors in the resistance It may be noted that the leactions related 
to clearing up of the infection in these animals were more striking and 
proceeded more rapidly than did the reactions m normal animals given 
mtraperitoneal injections of nonpathogenic bacteria, again suggesting 
that the mechanisms operating m natural immunity, m active immunity 
and m spontaneous recovery may be differentiated either m toto or m 
the temporal sequence of the factors concerned 
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In suppoit of the concept that phagocytic activity may he of secondaiy 
importance is the observation of Mackie, van Rooyeii and Finkelstem •’ 
that, in the presence of serum, leukocytes possess a bactericidal activity 
separable fiom their phagocytic activity 

It is of interest, finally, to note that in the animals which recovered 
spontaneously the time of recoveiy as measuied by the disappearance 
of pneumococci fiom the cultures of the peritoneal fluid varied between 
the third and seventh day after infection Excluding one case m which 
the cultures were negative at the second day and one in which the cultures 
were not negative until the tenth day, we find four cases in which the 
cultures became negative on the third, thiee on the fourth, four on the 
fifth and one on the sixth day after infection It seems that this tendency 
for the crisis (if it may be so called) to appear before the seventh day 
of infection is of some significance and must be given consideration in 
furthei studies 

SUMMARY 

In studying the cellular reactions m the peiitoneal cavity of the 
guinea-pig subsequent to intraperitoneal infection with Pneumococcus 
type I it was not possible to note any difteiences between animals which 
died and animals which recovered spontaneously or any differences in 
the cellular reactions which served to explain the mechanism of recovery 
It has not been possible to observe m the wandering cells of the 
peritoneal fluid any difference in phagocytic activity of neutrophils or of 
mononuclears as between animals that survived spontaneously and those 
that died This applies to the amount of phagocytosis and to the sequence 
of the activity 

The question is therefoie raised as to whethei phagocytic activity 
plays a role in spontaneously arising resistance to infection 

The results suggest that the process of resistance in immunized 
animals and that in animals spontaneously recovering from infection 
are not identical This may be due to a difference in the factois con- 
cerned or simply to differences in the intervals of time and the sequences 
It does not appear that the phagocytic activity of neutrophils and 
that of mononuclears are identical in the various stages of infection 
The neutrophils appear to lose phagocytic activity m later stages while 
the mononuclears retain their activity 

S Mackie, T F , van Rooyen, C E , and Finkelstem, M H J Path & 
Pact 39 89, 1934 
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DWARFISM ASSOCIATED WITH LINGUAL GOITER 
AND CYSTIC HYPOPHYSIS 

H Gideon Wells, M D , Chicago 

As far as I have been able to learn from a search of the literature 
on dwarfism, the following case is unique m some respects, and hence it 
IS placed on record 

REPORT OF A CASE 

A woman, aged 72, was examined post mortem at the Oak Forest Infirmary on 
Oct 25, 1933, four days after her death m this institution, the poor-farm of Chicago 
and Cook County, where she had lived for twenty-three years It was impossible 
to find any members of her family or any one who knew anything about her early 
life Her name indicated that she was probably of Irish descent According to 
the records she was admitted to the Oak Forest Infirmary in 1910 because of 
feeblemindedness , she came from the Chicago State Hospital, where she had been 
since 1896, at which time her age was given as 35 She was quiet and able to act 
as doorkeeper in the ward for mentally defective women No history was obtain- 
able A roentgen examination could not be made because of the patient’s obstinate 
attitude It was reported that she was in a failing condition because of weakness 
without special symptoms in April 1933, but she was not bedfast until August 
1933 She died on Oct 21, 1933, there were no clinical records of significance 
during her period of stay at the Oak Forest Infirmary 

No records were available as to her previous history She never spoke unless 
spoken to, and her replies were difficult to understand (possibly because of the 
lingual goiter) She was decidedly substandard mentally, she did not read or write, 
and although she was able to dress and undress herself and to take care of her 
physical needs she did not change to clean clothes unless she was told to Never- 
theless she was able to act as doorkeeper in the irresponsible women’s ward, and 
she guarded the door jealously, never permitting patients to escape but admitting 
the proper attendants She could not be made to retire until the physician had 
made the night rounds When crossed she showed a violent temper and scolded 
vigorously but unintelligibly No persons had visited her in many years, and 
nothing could be learned about her family and relatives There were no records 
at the Chicago State Hospital Dr Ralph Hamill wrote as follows concerning 
her behavior while in that institution “I remember a dwarf that I think is the 
one you refer to, although I should be surprised if that woman had lived as long 
as this The patient I refer to was in the poorhouse She was used as a messenger 
by some of the nurses and could be counted on to deliver messages However, 
she chuckled much to herself, passed remarks on the side that were not a part 
of the message and obviously lived some kind of an imaginary life quite indepen- 
dent of the reality There are no records that I know of, and I know nothing 
of her family or early history ” 

From the Department of Pathology, University of Chicago, and the Otho S 
A Sprague Memorial Institute 
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It IS to be regretted that no study of her basal metabolism was ever made, 
but as she lived as an abandoned mentally defective person on a county poor-farm 
she was not made the subject of a clinical study, and she outlived her association 
with those who knew her early history 

Postmoi fcm Evammatiou —The body was that of an extremely emaciated white 
female dwarf, somewhat short-limbed, appearing to be at least 80 years of age 
Practically sbe was nothing but skin and bones The typical face of the achondro- 
plasic dwarf was lacking (fig 1), as the nose was retrousse but fairly sharp and 
had a drawn appearance because of the prominence of the inner end of each malar 
bone The distance between the eyes was somewhat increased because the glabella 
was disproportionately broad The skull was approximately symmetrical, but the 



Fig 1 — Profile of dwarf showing absence of cretin characteristics 

left eyebrow was 0 5 cm higher than the right The skull was not rachitic The 
posterior portion of the skull cap was somewhat flattened, and the skull was of 
less than normal size 

The external measurements of the body were taken The total length, stand- 
ing, was 124 5 cm (49 inches), and sitting, 72 cm (28^^ inches) , the total weight 
eviscerated, 29J4 pounds (13 33 Kg ) , the calculated weight (total), from 39 to 40 
pounds (17 7 to 18 1 Kg ) , the length of the body (from the upper edge of 
the manubrium to the lower edge of the symphysis), 46 cm , the total length of the 
upper extremity, 50 5 cm , and the transverse width of the shoulders, 26 cm The 
lengths of various bones were as follows humerus (from the top of the head to 
the lower border of the external epicondyle), 21 8 cm , radius (from the tip of 
the styloid process to the top of the head), 16 cm , ulna (from the tip of the 
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styloid to the tip of the olecranon process), 18 4 cm , carpus, 2 7 cm , thira meta- 
carpal 4 3 cm , thud proximal phalanx, 4 5 cm , third middle phalanx, 2 8 cm 
third distal phalanx, 1 8 cm (a close approximation) The total length of the lower 
extremity (from the anterior superior spine to the styloid) was 57 2 cm , that of the 
femur (from the upper extremity of the greater trochanter to the outer margin 
of the surface of the joint), 29 cm , the length of the tibia from the surface of the 
joint to the styloid process measured 23 5 cm , the total length of the fibula was 
24 cm The patella measured 4 7 by 42 cm The total length of the foot was 
18 5 cm The measurements of the pelvis were as follows intercristous, 25 5 cm , 
mterspinous, 23 5 cm , baudelocque, 18 cm , and bitrochantenc, 27 5 ' cm The 
measurements of the head were as follows biparietal, 13 5 cm , bitemporal, 11 6 
cm , fronto-occipital, 16 6 cm , occipitomental, 23 5 cm , maximum anteroposterior, 
20 cm , maximum vertical, 20 cm , circumference, 53 cm 

The hands were small m proportion to the feet and were not of the trident 
type The fingers were slender and graceful, not clubbed The teeth were missing, 
and the alveolar processes were absorbed The superficial lymph nodes and the 
thyroid were not palpable The mammary glands were very small but apparently 
had been slightly developed, the areolae were devoid of pigmentation The skin 
was extremely atrophic (apparently more so than is usual m senile persons) , 
there was no growth of hair on the axillae or on the body, with the exception of 
a few hairs m the pubic region The joints of the upper extremities all moved 
freely, but the hips were restricted in adduction by fibrous bands which could be 
stretched readily The knee joints were m a fixed semiflexed position but could be 
extended under pressure The pelvis was relatively roomy, the distance between 
the anterior superior iliac spines being 24 cm The external genitalia were 
normally formed but were hypoplastic There were protruding hemorrhoids There 
were decubitus ulcers over the sacrum, both great trochanters and the left fifth 
metatarsal bone 


The large serous cavities showed no significant changes The immediate cause 
of death was apparently asphyxia, as the larynx, trachea and mam bronchi were all 
completely plugged by a solid mass of granular material, apparently regurgitated 
cereal The smaller bronchioles were filled with pus, and there was broncho- 
pneumonia in the posterior half of the right lung 


Internal Organs Most of the viscera showed no changes except those asso- 
ciated with the dwarfism and with senility The heart weighed ISO Gm , m the 
lower part of the interventricular septum it showed extensive fibrosis due to 
atherosclerosis of the coronary arteries The aorta showed moderate senile athero- 


sclerosis The liver weighed 560 Gm and showed merely small hepatic cells and 
slight fatty changes The spleen weighed only 30 Gm , it contained an abundance 
of "lymphoid tissue, the reduction m size was apparently due to loss of the pulp 
The pancreas weighed 60 Gm and showed no changes The cortex of the supra- 
renal glands was poor in lipoids , the medulla was normal Both suprarenal glands 
were small and of normal shape, and the right gland measured 30 by 16 by 4 mm , 
the left 37 by 13 by 4 mm , each weighed approximatelv 2 Gm As seen micro- 
scopically the cortex was unusually poor in hpoid, but the cellular structure and 
arrLgement seemed entirely normal The medullary cells contained an abundance 
of brown pigment The capsular arteries were not excessively sclerotic A few 
rather large accumulations of round cells were present in the medulla Tie 
Sreys together weighed 140 Gm and appeared to be of nearly norma appear- 
ance except for occasional small cysts, and although the medium-siaed arteries 
Tre nnucS thickened the arterioles were not affected, and ' 

evidence of arteriosclerotic scarring The cortex seemed almost normal The 



WELLS— DWARFISM 


67 


ureters and urinary bladder were normal No abnormalities were found in the 
alimentary canal The lymph nodes in general were normal for the age, one peri- 
bronchial node being calcified 

Reproductive Organs The generative organs seemed to have reached an 
early stage of complete maturity but had apparently retrogressed or ceased to 
develop shortly after early puberty, for there were a few pubic hairs, and a 
microscopic examination of the ovaries showed occasional corpora albicantia, indi- 
cating that there had been some ovluation, but most of the ovary was devoid of 
such scars and consisted of homogeneous ovarian stroma There was one small 
follicular cyst Grossly the uterus was of distinctly infantile character, the corpus 
measured 3 cm and the cervix also was 3 cm long and formed more of the entire 
uterine mass than the corpus, the entire uterus being 6 by 4 cm The opening of 
the cervix was of normal size, and its canal was equal in length and diameter to 
that of the uterus The cervical canal showed virginal markings The whole 
organ appeared small The ovaries were extremely small and of equal size Tliey 
measured 1 5 by 0 7 by 0 5 cm There was no gross evidence of corpora albicantia 
The vagina was normal except for a few small round pigmented spots The hymen 
was intact 

The whole of the external genitalia seemed to share in the extreme emaciation 
of the body, and the perineum and perineal structures were tightly stretched over 
the bony pelvis The adipose tissue of the mons had almost totally disappeared, 
as had the adipose tissue of the labia majora The skin of the region shared m 
the general atrophy of the skin and subcutaneous tissues that was so marked 
everywhere else over the body There were a very few fine brown hairs over 
the mons veneris and a few more along the outer side of the labia majora extend- 
ing backward as far as the anus The labia majora were atrophic and covered 
with shiny, thin, atrophic skin, although the mucocutaneous junction was recog- 
nizable They were well developed anteriorly There was no posterior fourchet, 
and the labia were lost in the perineum while widely separated The perineum 
was 4 cm long, flattened and covered with thin, shiny, atrophic skin The labia 
minora were small but well developed, 15 cm long and 0 9 cm wide They 
united m a normal manner anteriorly to form the frenum of the clitoris and 
blended with the labia majora posteriorly opposite the middle of the vaginal 
opening The glans clitoris was very small and was barely recognizable since it 
was covered with a large, well developed, unusually thick but apparently normally 
formed prepuce The vaginal opening, gaping and distorted by postmortem exam- 
ination, measured 2 2 cm in its greatest diameter 

Macroscopic Examination of the Structures of the Neck Of particular interest 
was the condition of the thyroid, which seemed to exist only in the form of a 
lingual goiter The tongue had a flat, atrophic mucosa Immediately below and 
to the left of the foramen caecum was a globular submucous swelling, approxi- 
mately spherical and 2 7 cm in diameter When incised this mass contained an 
encapsulated brownish nodule of soft tissue about 1 5 cm in diameter, not present- 
ing the appearance of thyroid tissue and showing no visible colloid or cysts The 
thyroid gland was absent from the normal position When the lingual mass was 
opened from beneath it was found to be disk-shaped, measuring 2 5 by 2 3 cm 
by 1 cm It could be freed from its dense fibrous capsule with relative ease by 
blunt dissection, excepting over its dome, where it was attached to the lingual 
mucosa by tissue as hard as cartilage Its cut surfaces showed an irregular mix- 
ture of deep yellow-brown glandular tissue with irregular masses of firm glistening 
grayish-white tissue There was no recognizable colloid Over the dome of the 
mass the pale fibrous type of tissue was preponderant Elsewhere the fibrous 
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areas were scattered irregularly throughout the center of the mass, and the 
periphery contained brown glandular tissue There was no similar-appearing tissue 
eitl>er along the midline anterior to the thyroid cartilage or at the usual site of 
the lateral lobes 

The dissection of the organs of the neck by Dr Eleanor Humphreys disclosed 
that on either side of the trachea were two peculiar small bodies (fig 2) well 
encapsulated and easily demarcated from the adjacent tissue The larger, on the 
right, was an L-shaped body The pointed upper end of the long arm of the L 
reached almost to the base of the first tracheal cartilage and was 1 5 cm long 
The blunt, rounded short arm, pointing laterally, was 1 cm long Below the 
pointed upper end the width of the arm varied from 3 to 5 mm , and the thickness 
averaged 3 mm The upper end was composed of solid pale tissue Below this 
was a part in which a translucent cyst, about 3 by 2 by 2 mm , occupied one side 
of the long arm, crowding some brownish firm tissue to the side adjoining the 
trachea The rest of the mass was a flabby, brownish, finely lobulated structure, 
resembling atrophic fat 

The mass on the other side was similar in general features, but it was smaller 
and more V-shaped Both arms were relatively short and thick, and the tip of 
the lower was occupied by a cyst When this was cut, a small solid, free body 
like a rice gram escaped This was about 2 by 2 by 3 mm Each arm measured 
about 1 cm m length by 3 by 3 mm This mass lay at a Slightly lower level 
than that on the other side 

A search of the tissues on both sides of the trachea did not reveal any discrete 
pale bodies resembling the parathyroid glands 

Microscopic Examination of the Tissues of the Neck The microscopic exam- 
ination of the tissues of the neck showed no substance resembling thyroid tissue, 
the presence of such tissue was limited to the lingual mass This mass consisted 
mostly of necrotic fibrous tissue m which nuclei were scanty and evidences of 
previous glandular structure difficult to detect Blood pigment was seen m many 
areas Only at the periphery were traces of recognisable thyroid tissue to be 
found, this consisting of a thin zone of atrophic acini, from one to six acini deep, 
sometimes empty and sometimes containing a small accumulation of colloid The 
epithelial cells lining these acini were scanty, they were entirely absent in many 
of the acini, and when present they were generally very small, exhibiting as a 
rule little more than a small pyknotic nucleus and no recognizable cytoplasm 
There w'ere also acini that were indicated chiefly by an outline with little recog- 
nizable structure The general appearance resembled that often seen m old fibrosed 
adenomatous nodules m which frequent hemorrhage and necrosis have occurred 
until the adenoma has been nearly completely destroyed However, there was no 
marked calcification or ossification such as is often seen m such fibrosed adenomas 

Two normal, well developed parathyroid glands were present, one on each side 
of the larynx (R 2 and L 1, fig 2) In the vicinity of each parathyroid gland were 
small cj'sts lined with a few layers of flattened epithelium which was not keratin- 
ized No more complex epithelial structures were found, nor anything resembling 
thymus tissue , possibly the epithelial structures represented undeveloped embryonic 
anlage of the thymus There was also some adipose tissue, which was of the 
adult type and not like "brown fat " 

The carotid gland was found on the left side by means of serial sections made 
through the vicinitv of the bifurcation of the carotid It seemed to be small and 
diffuse but otherwise normal The right gland W'as not sought 

The pineal gland appeared to be normal for the patient s age , it contained 
numerous calcific bodies 

No thjmus tissue could be detected in the usual site 
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ADDITIONAL EXAMINATION 

SU itcfw es of the Neck —Dr George M Curtis, who examined the 
tissues removed from the neck, thought that the nodule found medial 
to the bifurcation of the right carotid showed a resemblance to thymus 
tissue The lingual thyioid, he stated, “is characteristic of the rudimen- 
tary thyroid gland found in the typical dwarf cretin ” 

As to the other stiuctures in the neck designated in figure 2, Dr 
Curtis reported the following observations 

Right L-Shaped Body (fig 2) Section R1 (proximal end) revealed alveoli 
and several cysts with a lining of stratified squamous epithelium The picture 
was compatible with the earlj embryonic thyroid gland On the other hand, since 
the thyroid was mainly lingual in its origin and had not descended, I should 
regard this tissue as having originated from one of the brachial epithelial bodies 



Fig 2 — Diagram of neck structures in case of lingual goiter 

Section R 2 (midportion containing cysts) was a parathyroid gland I inter- 
preted It as such because of the characteristic arrangement of the cells in cords 
interspaced by blood-filled sinusoids 

Section R 3 (distal end) showed no glandular elements Areolar and adipose 
tissue and vessels were evident 

Left L-Shaped Body (fig 2) Section LI (proximal tip) was a character- 
istic parathyroid gland The cordhke arrangement of the cells, the intervening 
sinusoids and the characteristic general arrangement convinced me that this was 
one of the parathyroid glands 

Section L2 (midportion) showed no glandular elements and was composed ot 
areolar and adipose tissues , it also contained vessels 

Section L3 (distal tip containing cyst) again showed alveoli which were com- 
patible with embryonic thyroid alveoli Again, however, I regarded this tissue 
as having originated from the branchial epithelial bodies From which ones, it 
IS impossible to ascertain 

Section L4 (“rice body” from the cyst in L3) was colloid and had no par- 
ticular cytologic characteristic 
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I bel)e\e that the thymus, thyroid and parathyroid glands are definitely 
accounted for in these sections The unusual alveoli and glandular elements in 
sections R 1 and L 3 may have been derived from the so-called “lateral thyroid 
anlagen ” This derivation is by no means clear It would be safe, however, to 
call them derivatives of the branchial epithelial bodies I regard the cysts as 
having originated from branchial epithelial body anlagen 

The absence of other thyroid tissue in cases of lingual thyroid is 
probably common m view of the frequency of myxedema following 
removal of the lingual growth According to Ungermann,^ six of eight 
patients examined at autopsy had no thyroid tissue other than that found 
in the lingual growth 

Dr Curtis had an analysis made of the lingual thyroid tissue in his 
laboratory by Francis J Phillips and reported as follows 

The gland as removed from the preservative fluid weighed 3 6 Gm It was 
desiccated in a vacuum desiccator at 40 C The weight after desiccation was 0 476 
Gm Three determinations made on this desiccated gland showed an iodine content 
of 31 6 mg per hundred grams of desiccated gland The preservative fluid from 
the gland was likewise analyzed in triplicate The average result of these analyses 
was 0 168 mg per hundred cubic centimeters of fluid Therefore the entire gland 
contained 0 25 mg of iodine 

This amount is to be contrasted with that found in the normal 
thyroid, which is about 2 mg of iodine per gram of dry weight, or 
from 10 to 15 mg in the entire gland - Asa control a portion of skeletal 
muscle from the dwarf was also analyzed, and no detectable amounts of 
iodine were found It is of interest that in the thyroid from a typical 
achondroplasic dwarf I was unable to find any iodine by a method 
capable of detecting 0 05 mg of iodine,® whereas in the thyroid from a 
giant examined by Bassoe I found 62 9 mg of iodine 

No important changes \\ere found in the brain, which was examined by Dr 
Percival Bailey The hypophysis, however, was greatly altered, consisting of a 
soft, thin-walled cyst, which collapsed when the brain was removed The sella 
turcica was slightly enlarged but otherwise normal There was no evidence of 
change in the floor of the sella 

When examined microscopically the hypophysis was represented only by the 
collapsed wall of the cyst as obtained at the autopsy and consisted in part of the 
capsule surrounding the gland The structure was not a definite cyst with a 
wall lining the cavity but rather a fibrous wall consisting of the capsule of the 
hypophysis and the adjacent membranes, within which lay fragments representing 
different elements of the hypophysis There were many small masses representing 
the anterior lobe, in which the cells seemed to be flattened into rows by pressure 
There was an abundance of posterior lobe tissue, and the structures of the pars 
intermedia were recognizable in close relation to the pars nervosa The cellular 
elements of each of these segments showed the histologic characteristics of a normal 

1 Ungermann Virchows Arch f path Anat 187 58, 1907 

2 Wells, H G Chemical Pathology, ed 5, Philadelphia, W B Saunders 
Company, 1925, p 690 

3 Hektoen, L Am J M Sc 125 751, 1903 

4 Bassoe. P Tr Chicago Path Soc 5 231 1903 
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pituitary as usually seen in bodies dead for several days The impression was 
that the cyst had been produced m the anterior lobe by simple softening There 
was nothing indicating any sort of neoplastic process or of hypophyseal duct cysts 
There was no evidence of inflammation, either acute or chronic 

The skeleton was examined with loentgen rays by Dr Paul C 
Hodges, who repoited the following lesults 

Roentgenograms of the pelvis and the lower part of the abdomen were taken 
with the subject m the supine position on grid visualization from the upper lumbar 



Fig 3 — Skeleton of dwarf with lingual goiter, showing absence of usual cretin 
characters, slight relative shortening of limbs, and well developed female pelvis 

part of the column halfway to the knees I suspected a congenital abnormity of 
the upper sacral and lower lumbar segments I looked for unfused epiphyses but 
found none The bones were small The pelvis was somewhat deformed The 
femoral heads were slightly mushroomed, and the necks were short A solitary 
bony island was present m the neck of the left femur Some of the vessels were 
calcified Roentgenograms of the upper part of the trunk were taken with 
the subject in the supine position on grid visualization of both shoulder joints, 
the elbow joints, most of the ribs and the vertebrae from the sixth cervical to the 
fourth lumbar No lesions were seen There were no unfused epiphyses The 
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teeth were all missing The bones, of course, were very small for a subject of 
the patient’s age The roentgenogram of the skull was taken with the left side 
against the film The region of the pituitary gland showed the effect of the 
removal of bone at autopsy The hones of the skull were rather thick The teeth 
had all been removed The roentgenogram of the knee was taken with the lateral 
surface against the film There was marked wasting of the soft tissue Calcifica- 
tion of the arteries was present above and below the knee The articular ends 
of the femur and tibia had a rectangular blocklike appearance, and the articular 
cartilage appeared to be thin No osseous lesion and no unfused epiphyses were 
observed The roentgenogram of the left ankle was taken with the lateral surface 
against the film There was generalized osteoporosis which may have been due to 
disuse or to senility The peripheral vessels were calcified There were no 
unfused epiphyses In the left hand, wrist, forearm and elbow no lesions were 
observed except for wasting, calcification of the blood vessels and smallness In 
the right hand and forearm, of which roentgenograms were taken with the palm 
down, there was evidence of an old Colles fracture of the distal end of the radius 
and of the ulnar styloid Except for this, the appearance was the same as in the 
corresponding parts on the left 


After the skeleton had been separated from the soft tissues and 
mounted it was found to be characterized by the small diameter and deli- 
cate appearance of all the bones (fig 3) Relative shortness was evident 
in the extremities as m the entire body The old healed fracture of the 
right radius was the only recognizable deformity There was no evi- 
dence that the epiphyseal lines had failed to close, and there was no 
suggestion of rachitic deformity The alveolai processes of the jaws 
had been entirely absorbed 

COMMENT 


As dwarfism may result fiom either thyioid or hypophyseal 
deficiency, it is difficult to determine the relative role played by each 
condition m this case, as a history of the early life of the patient and 
metabolic oi other clinical studies are lacking As Erdheim ® has pointed 
out, both the thyroid gland and the hypophysis are necessary foi normal 
endochondral ossification, for the presence of thyroid tissue alone when 
the hypophysis is destroyed or the presence of the hypophysis alone 
with the thyroid destroyed does not suffice to produce normal endo- 
chondral ossification Erdheim believed the influence of the hypophysis 
to be greater than that of the thyroid gland, since m hypo- 
physeal dwarfs the lines of ossification remain open in more bones 
and up to a later age than m cretins, however, cretins do not usually 
live veiy long, while a total loss of the hypophysis may permit of a 
longer life Essentially, the hypophysis and the thyroid gland have the 
same effect on the three phases of endochondral ossification Peritz 
stated that the growth tendency at birth seems to be adequate to cairy 
the development of stature only to from 130 to 140 cm , beyond this 
height the influence of the hypophysis is required 

Athvreosis alone, despite a normal-appearing hypophysis, may lead 
to marked dwarfism Janney « says that some of the most severe cases 
of dwarfism knov n have occurred among cretins These dwarfs usually 


5 Erdheim Beitr z path Anat u z allg Path 62 303. 1916 

6 Janney, m Barker, Lewellys F Endocrinology and Metabolism. New 
York, D Appleton & Company, 1922, vol 1, p 391 
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show a low degree or almost complete lack of intelligence, as contrasted 
with the good intelligence usually exhibited by the propoitionate dwarfs, 
and cretins usually show a marked undei development of the genital 
system 

According to Paltauf ' the skeleton of the cietm is charactei ized by 
short, thick tubular bones which exhibit a coaiseness m surface stiuc- 
ture The epiphyseal ends tend to be thick, low and flat, so that the bone 
scaicely possesses a true neck The head of the femui is flattened and 
the neck short, producing the usual waddling gait The base of the 
skull IS typically short, as Virchow described it, with complete synostosis 
between the occipital and sphenoid bones, and the anterior and posterior 
sphenoid centers are fused These fusions produce the typical broad, 
flat nose with depressed root usually exhibited by cretins as well as 
by achondroplasic dwarfs 

Although the patient under discussion undoubtedly had defective 
thyroid function and presumably was a cretin, the anatomic observations 
were not typical of cretin dwarfs as described by Paltauf, for the 
skeleton was well formed and graceful , the base of the skull was not 
shortened, and the facies generally observed m cretins was not present 
except for an increased width of the glabella, which measured 31 mm 
from orbit to orbit At the advanced age of this woman the lines of 
ossification had completely closed and seemed normal While in 
hypophyseal dwarfs the epiphyseal lines lemain open for a long 
time, they do eventually close, as m the remarkable case reported by 
Pnesl,® that of a dwarf measuiing 132 cm who lived to be 91 years 
old , at autopsy the epiphyseal lines were found closed , the anterior 
hypophyseal lobe was a thm-walled cyst as m my case, but the thyroid 
was present in the usual site, weighed 15 9 Gm and showed a normal 
histologic picture according to the age of the dwarf 

As far as is known there had been no myxedema in the case here 
reported despite the scanty amount of thyroid tissue present While the 
extremely atrophic condition of the skin at the time of death suggested 
the previous existence of some trophic deficiency in the skin, premature 
senile changes of the skin (geroderma) have been described in hypo- 
physeal dwarfs 

The skeleton in this case showed no severe disproportion Although 
the arms and lower extremities were short in proportion to the trunk, 
this was not extremely marked, and did not resemble the disproportion 
observed in achondroplasic dwarfs In this respect the conformation 
resembled more that of the hypophyseal dwarfs, who aie classed with 
the pi oportionate dwarfs, than that of the cretin dwarfs who are classed 
with the achondroplasic and rachitic among the disproportionate 
dwarfs However, the limbs were definitely short m proportion to the 
trunk foi, as can be seen from the photograph, the finger-tips reached 
but little below the gieat trochanters The lower extremities bore about 
the same relation to the trunk as did the upper extremities There were 
no traces of rachitic changes m the bones 

7 Paltauf, Arnold Ueber den Zwergwuchs in anatomischer und gerichts- 
arztlicher Beziehung, nebst Betnerkungen uber verwandte "Wachsthumsstorungen 
des menschhchen Skelettes, Vienna, Holder, 1891 

8 Priesl, A Beitr z path Anat u z allg Path 67 220, 1919, Wien 
med Wchnschr 80 589, 1930 
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There seem to have been few observations of dwarfism in associa- 
tion with lingual goiter, which is of itself an infrequent condition, and 
none of the cases previously reported had been studied post mortem In 
1914 Asch ^ was able to collect but ninety-five cases of lingual goiter 
recorded in the literature to that date, of these only 12 per cent were 
in males In his discussion of the literature Asch made no mention of 
dwarfism as associated with lingual goiter, although a few such cases 
have been leported Walther reported the operative lemoval of a 
lingual goiter from a zweujhalft kleine Fiau of imbecile appearance, 
who had lost the powder of speech at 12 years because of the lingual 
tumor and had been confined in an institution thereafter But he gave 
no measurements or other details and did not state the results of the 
operation This case apparently w^as m some respects like the one here 
reported 

Another similar case has been reported by de Boncourt This 
report concerned a dwarfed female cretin 122 cm tall, aged 37, with 
the apparent mental development of a child of 10, who had much diffi- 
culty in speaking and some trouble in breathing The goiter was 
removed, but further events were not leported Other cases of retaided 
growth associated with lingual goitei , but also without autopsy observa- 
tions, have been reported by Urban,*- Harvey, *“ Krassnig *“* and 
Rebattu All these dwarfs with lingual goiteis w^ere females 

In 1921 Kohl collected ninety-three cases of lingual goiter — of 
which eighty-three occurred in females — often giving biief abstracts of 
the cases m addition to the titles but no further mention of dwarfism 
could be found among these reports 

Whether the dwarfism in the case undei consideration w'as due 
entirely to the thyroid deficiency or partially oi entirely to the hypo- 
physeal abnormality cannot be determined Against the assumption that 
that lesion was responsible is the character of the hypophyseal lesion, 
which seemed to be merely a central softening of unknowm etiology 
There remained an amount of anterior lobe tissue which 
according to its microscopic appearance might well have been 
adequate for the needs of the small body Nor did the microscopic 
appearance suggest that this lesion was of sufficient age to corre- 
spond with the period of fifty-five years since the developmental stage 
of the subject Simmonds has called attention to the fact that to 
cause dwarfism destructive lesions of the anterior lobe must occur during 
the years of growth , later in life they cause cachexia In most of the 
few established cases of hypophyseal dwarfism the responsible 
lesion has been a cystic tumor of the hypophyseal duct as 

9 Asch, R Deutsche Ztschr f Chir 130 593, 1914 

10 Walther Beitr z khn Chir 77 116, 1912 

11 von Chamisso de Boncourt, A Beitr z khn Chir 19 281, 1897 

12 Urban, Karl Zentralbl 1 Chir 50 701, 1923 

13 Harvey, F Bnt J Surg 13 746, 1926 

14 Krassnig, Max Ztschr f Laryng , Rhin , Otol 12 113, 1924 

15 Rebattu Presse med 31 904 1923 

16 Kohl Schweiz med Wchnschr 51 361, 1921 

17 Simmonds Deutsche med ‘Wchnschr 45 487, 1919 
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described by Erdheim However, in Pnesl’s 91 yeai old dwarf the 
anterior lobe of the hypophysis was described as consisting of only a 
thin inemhiane with scanty parenchyma lests, similai to the hypophysis 
m my case but diftenng in the presence of an osseous defect in the 
sphenoid with a persistent craniopharyngeal duct Simmonds made 
the assumption, without any supporting evidence, that m this case the 
anterior lobe had been destioyed by embolism, but the presence of the 
persistent craniopharyngeal duct suggests the probability that this had 
something to do with the condition 

As Sternberg^® has pointed out, infantile dwarfs are not neces- 
sarily hypophyseal, for the proportionate dwarfs with hypothyioidism 
must be considered as an independent group of nanosomia infantahs 
There is also a third group of dwarfs in whom both the hypophysis 
and the thyroid are normal or at least not responsible for the defects 
of growth, and these persons are characterized by hypoplasia of the sex 
glands, whereas in dwarfs with hypophyseal and thyroid deficiency the 
sex glands atrophy because of endocrine deficiency Obviously the hypo- 
plasia of the sex glands is not responsible foi dwarfism, since eunuchs 
are tall There seems to be no constant relation between the state of the 
hypophysis and that of the thyroid m cretinism according to the repoits 
m the literature (Falta) When the thyroid is removed there is a 
tendency for hyperplasia of the anterior lobe, but a report of a cystic 
condition such as that seen in my case could not be found as a sequel 
of thyroidectomy 

Perhaps the case most like the one under consideration m respect to 
the hypophysis is that reported by Kraus and Holzer of a female 
cretin dwarf, 40 years old, 115 cm tall, m whose hypophysis was found 
a large irregular cyst involving one third of the anterior lobe, in which 
the parenchyma had been replaced by a thin colloid-hke fluid containing 
many basophil cells This cretin had a thyroid m the normal site show- 
ing much fibrosis and adenomatous areas Death followed a cesarean 
section with delivery of a normal child All the epiphyseal lines were 
closed, and the skeleton was well proportioned except for the relative 
shortness of the lower extremities However, in this case the large skull 
and sunken nose of cretinism were present Kraus and Holzer con- 
sidered that the hypophyseal cyst formation was probably not responsible 
for the dwarfism , they believed that it was relatively recent and sec- 
ondaiy to the thyroid deficiency, and they called attention to the fact 
that Bayon and von Stefanoff observed an increase m the hypophyseal 
colloid 111 cases of thyroid aplasia Although their case is moie definitely 
one of typical cretinism than the case reported here the two cases 
together indicate that cystic changes m the hypophysis may result from 
a high grade of thyroid deficiency 

All things taken together, it seems probable that this case is primarily 
one of dwarfism due to hypothyroidism, m which the functional thyroid 
tissue IS reduced to a minimum amount m a greatly degenerated lingual 
goiter, there having been no formation of thyroid tissue at the normal 
sites As is usual m these cases, the parathyroids are normal and the 
suprarenal glands, while very small, do not show definite abnormalities 

18 Sternberg, C Beitr z path Anat u z allg Path 67 275, 1919 

19 Kraus and Holzer Virchows Arch f path Anat 251 253, 1924 
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Apparently sexual development ceased at about puberty, a few ovula- 
tions perhaps having taken place However, it is to be noted that the 
skeletal changes were not those of typical cretinism, and m some respects 
the condition resembles "pituitary infantilism” as described by Berb- 
linger,-® characterized by a defective development of the anterior lobe 
of the hypophysis and hypoplasia of the genital organs, with normal 
development of the other endocrine glands In these cases adiposity is 
absent because of the lack of involvement of the brain 

SUMMARY 

The case here reported is that of a mentally substandard female dwarf, 
72 years old, 49 inches (124 5 cm ) tall, weighing about 40 pounds (18 1 
Kg ), who had been in institutions for tbe care of the incompetent and 
impoverished for thirty-seven years and on whom no clinical study had 
been made No history of her youth oi family could be obtained 
Death was due to an impaction of food in the larynx, trachea and 
bronchi, perhaps because of the obstruction to regurgitation caused by 
a lingual goiter, measuring 2 5 by 2 3 by 1 cm No other thyroid tissue 
could be found m the neck or elsewhere This lingual thyroid consisted 
mostly of necrotic fibrous tissue, apparently the lesult of organization 
of old hemorrhages and involuted thyroid tissue Only at the periphery 
of the nodule weie traces of recognizable thyroid tissue found, and this 
was very atrophic In it was found but 0 25 mg of iodine, as compared 
with from 10 to 15 mg , the amount present in a normal thyroid The 
chief other observation was a cystic degeneration of the anterior lobe 
of the hypophysis, of unexplained etiology and undetermined significance 
Presumably this case is one of dwarfism due to hypothyroidism asso- 
ciated with incomplete cretinism , it is improbable that the hypophyseal 
cyst was responsible for the dwarfism, although the hypophyseal 
influence cannot be excluded 

20 Berbhnger, W Eeitr z path Anat u z allg Path 87 233, 1931 
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A SIMPLE APPARATUS FOR FIXATION OF LUNGS 
IN THE INFLATED STATE 

Sylvan E Moolten, M D , New York 

Ordinarily, the introduction of fixing solution (formaldehyde oi 
Kaiserling I ^ ) into the bronchi inflates the lungs satisfactorily, but 
unless the inflated condition is maintained evenly only the dependent 
portions (containing the greater part of the fixing solution) are perma- 
nently inflated, the remaining parts becoming fixed m paitial inflation 
of uneven character A method employing negative pressure for main- 
taining complete uniform inflation within physiologic limits has been 
worked out in this laboratory and has proved practicable for most pur- 
poses The piinciple of this method depends on the maintenance of a 
certain degree of inflation of the lung foi a number of hours, during 
which time the fixative may act 

The lung to be inflated must be removed from other structures, viz , the heart, 
pericardium and diaphragm, with the least possible injury to its surface, either by 
instruments or by the tearing of adhesions, in order to avoid leaks As much 
of the bronchus as possible should be left on the lung, though a length of 1 cm 
may suffice One end of a short metal tube is inserted into the bronchus as far 
as It will pass easily, as shown m the figure The tube should be about Yi inch 
(1 27 cm ) in diameter and from 2 to 4 inches (5 08 to 10 16 cm ) long, its other 
end should be threaded (7) for connection with a metal joint (F) To attach the 
lung to this tube it has been found necessary to adopt the following procedure 
The stump of bronchus is grasped at one part of its edge by a narrow clamp, 
which is held m the same hand as the metal tube previously inserted, this pre- 
vents the tube from slipping out of the bronchus A chain of elastic rubber bands 
looped end to end to make a total length of from 18 to 24 inches (45 7 to 60 9 cm ) 
IS used to tie the bronchus on the metal tube {K) As this is wound about the 
bronchus constant tension is maintained , the clamp should not be included m the 
winding and may be released after a number of turns By means of the constant 
elastic tension a surprisingly satisfactory joint is made between the bronchus and 
metal tube, and, m our experience, this has never slipped or leaked 

An ordinary large bell jar (G) is employed for the negative pressure chamber 
Since It is made of glass, the stages of inflation of the lung may be studied, and 
roentgenograms may be taken at any stage The jar is supported in a wooden 
base (/) with a concavity made on the lathe to fit the convexity and knob of 
the bell jar exactly The cover of the chamber is made of a broad, thick disk of 
wood (D) with a circular groove (£) cut near its edge to fit easily over the rim 
of the jar, the groove should be wide enough to permit the cover to be removed 

From the Laboratories of the Mount Smai Hospital 

1 This solution consists of 30 Gm of potassium acetate, 10 Gm of potassium 
nitrate, 750 cc of distilled water and 300 cc of a solution of formaldehyde 
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easily An air-tight seal is made by partly filling the groove with petrolatum just 
before it is applied to the jar An opening is cut directly in the center of the 
cover for a large-sized rubber stopper (C), through which, m turn, a threaded 
metal tube (5) is inserted snugly and made to project far enough below the under 
surface of the cover so that the metal joint (F) may be screwed on The lung is 
attached to the joint by means of the other metal tube (/) previously described, 
after the bronchus has been tied on Another opening is cut in the cover near 
one edge to admit a small glass Y-tube (A), one arm of which is connected with 
a suction pump, the other with a simple water manometer (H) by means of a 
flexible rubber tube The Y-tube with its connections is inserted after the cover 
with the suspended lung is in place, and is removed when the cover is to be 
taken off 



Diagram of bell jar and connections employed in maintaining inflation of lung 
to be fixed G indicates the bell jar, which is supported m the wooden base / and 
IS covered with a broad thick disk of wood D, with a circular groove E C is a 
rubber stopper, through which a threaded metal tube B is inserted and made to 
project far enough below the surface so that the metal joint F may be screwed m 
The lung is attached to the latter by means of the tube J, one end of which is 
inserted into the bronchus, which is tied on the metal tube K A is a small glass 
Y-tube, one arm of which is connected with a suction pump, the other with a 
simple water manometer H b}^ means of a flexible rubber tube 


With the lung m place, suction is applied (from 10 to 20 cm of water) until 
the inflation reaches its maximum throughout, the entire lung should expand uni- 
formly, unless pathologic alterations are present or the bronchus is blocked by 
improper fitting of the metal tube Illuminating gas maj now be run into the 
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bronchus through B to fix the hemoglobin of the lung a permanent red Fixing 
solution (Kaiserlmg I) is then introduced into the bronchus by means of a funnel 
joined to B , this is added slowly until a total of from 2 to 3 liters has been used 
Ordinarily, a considerable amount is lost through surface tears and through the 
blood vessels of the hilus, and a slight amount through surface transudation from 
the pleura While the fixing fluid is being added all leaks are rendered temporarily 
air-tight, so that a marked rise in negative pressure usually takes place, requiring 
adjustment of the suction pump repeatedly When the addition of fixing fluid is 
completed, it is necessary to regulate the suction until a stable reading for negative 
pressure is reached Suction should be left on from twelve to eighteen hours 

In the presence of rents in the pleura, it may be possible to produce a serviceable 
seal by searing the torn surface with a hot iron until it is perfectly dry and applying 
liquid adhesive reenforced with cotton wool , this must be permitted to dry com- 
pletely 

When a lung fixed in this manner is opened it appears somewhat dry 
on cut section , its color is delicate salmon pink , the normal alveoli are 
distinct, and the bronchi and bronchioles appeal as smoothly rounded 
tubes which retain their shape If a portion of lung tissue is squeezed, 
even to the thinness of paper, it still retains its capacity to reexpand, 
and if placed in water swells and regains its former appeal ance imme- 
diately 

This method is not suited to diseased lungs in which it is desired 
to maintain atelectasis On the other hand, it is ideal for such conditions 
as bronchiectasis, bullous emphysema, suppurative pneumonia and tuber- 
culosis 

Microscopically, the alveoli appear unusually well inflated and almost 
emphysematous, yet with intact walls, even when inflated with extremes 
of pressure The finer architecture of the lung is much more distinct 
than is usually seen, even in lungs removed under ideal circumstances 
from healthy persons dying suddenly It is possible to distinguish the 
complete ramification of the bronchioles and alveolar ducts in almost 
diagrammatic perfection The alveolar septums appear thinner than 
usual and somewhat elongated, their capillaries show coi responding 
changes Edema fluid has a foamy appearance on section, as though 
churned violently with the air used for the inflation Pneumonic exudate 
appears looser than usual, and the inflamed alveolar septums are more 
clearly defined, often showing leukocytes in passage from capillaries 
into alveolar interstitial spaces and alveolar lumens The inflamed 
alveolar septums often appear slightly edematous, revealing a distinct 
interstitial space containing fibrin and blood cells The interstitium is 
not apparent in unmflamed alveoli, even when gieatly congested The 
lymphatics, in general, are rendered more prominent, with prolonged 
inflation and the use of large amounts of fixing fluid they may be 
emptied of exudate or tumor cells (This observation may possibly 
possess some significance in relation to the physiology of the circulation 
of lymph within the lung ) 

By means of overdistention with fixing fluid and prolonged inflation 
under high negative pressure, a unique microscopic picture is produced 
The alveolar architecture is preserved, the alveolar septums, however, 
are extremely thin and stretched practically straight in places, so that 
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many septums lie flat instead of being perpendicular to the surface of 
the slide, appearing as narrow ribbons Wider ribbons are seen, with 
sections of greater thickness (e g, 20 microns) It is thus possible 
to study the surface of the alveolus in strips In our experience with 
this method we have never found pores of Cohn - to exist in normal 
alveoli Elastic fibers are numerous and alveolar epithelial cells are seen 
singly in places lying on the surface There is no evidence of non- 
nucleated squames (von Kolliker) 

2 Pores of Cohn, or Cohn’s stomas, are minute apertures m the walls of 
the pulmonary alveoli Whether they actually exist preformed, permitting the 
passage of air, edema fluid or fibrinous exudate from one alveolus into another, 
or whether they are artefacts 'has not been determined 
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I INTEODUCTIOK 

In the expeumental study of arteriosclerosis in animals the most 
painstaking efforts have been directed towaid the production of arterial 
lesions capable of really close comparison with those of human arterio- 
sclerosis The lesions produced in the arteries of labbits by cholesterol 
feeding represent the nearest approach to success in this direction It 
IS well known that aiterial lesions can be produced quite easily in rabbits 
by a variety of other methods, but with these other methods the altera- 
tions in the walls of the vessels are confined almost entirely to the 
media The intima is only secondarily affected, and the changes in it 
are relatively insignificant Slight intimal thickenings of a purely fibrous 
chaiacter may be found but not with any regularity These experimental 
lesions of the arteries can hardly be said to resemble those of ordinary 
human arteriosclerosis, m which thickening of the intimal layer is per- 
haps the most constant and conspicuous feature Moreover, in human 
arteriosclerosis, the intimal thickenings are seldom composed of fibrous 
tissue alone , they are almost constantly the sites of more or less abun- 
dant accumulations of vaiious lipoid substances Intimal lesions of this 
nature, so familiar in human aiteries, have been very closely imitated 
in the cholesterol feeding experiments which I propose to review in 
this paper A complete and exact experimental reproduction of human 
arteriosclerosis in animals has not yet proved possible 

In rabbits, the feeding of large quantities of cholesterol or of foods 
rich in cholesterol results in the development of widespread lesions of 
the arteries These lesions are characterized by a thickening of the 
intima and by abundant accumulations of lipoids “ in the intima and 
the inner layers of the media I have chosen to call this expeumental 
disease of the arteries “experimental cholesterol arteriosclerosis ” 
Cholesterol feeding as a method of producing fatty lesions in the ai teries 
of rabbits had its origin in some experiments reported in 1908 by Igna- 
towski, who found the typical arterial lesions in rabbits which had 
been fed for some time with eggs and milk The general resemblance 
between these lesions and the lesions typical of human arteriosclerosis 
was immediately recognized and aroused great interest The obvious 
opportunities for investigation offered by the new experimental method 
gave rise to numerous studies of experimental cholesterol arteriosclero- 

(a) Follow mg Peters and Van Slvke,ii9 I shall apply the term “lipoid” to all 
those substances in the organism which, m their general chemical and physical 
properties and especially in their solubilities, resemble the true fats The latter 
are included also The words “fat” and “fatty,” unless otherwise specified, will be 
used in a loose sense to indicate especially those lipoids w'hich can be stained with 
ordinar\ “fat stains,” such as sudan III 
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SIS It IS chiefly to the results of these studies and to a considei ation 
of their significance in relation to human arteriosclerosis that this paper 
will be devoted 

It should be mentioned at once that the effects of cholesterol feeding 
are not confined to the arteries, the lipoids accumulate also in vari- 
ous other tissues and organs throughout the body It is not the 
intention here to describe the extra-arterial changes m detail or to enter 
into a discussion of their significance except so far as they are conceined 
in the interpretation of the lesions m the arteries The possible appli- 
cations of the experimental data to problems other than that of arterio- 
sclerosis have been discussed fully by Verse/®= Kawamura'^® and 
Chalatow These applications are really rather limited Certainly 
It is safe to say that the most important inferences which have been 
drawn from the cholesterol feeding experiments are those relating to 
the etiology and pathogenesis of arteriosclerosis in man 

Even in the early lesions of human arteriosclerosis, the presence 
of lipoids in the intima can be easily recognized by routine histologic 
methods, and for this reason, the role of fatty substances in the develop- 
ment of arteriosclerosis has always occupied a prominent place in dis- 
cussions of the pathogenesis of the disease However, there are other 
alterations in the arterial walls which are not so readily demonstrated 
under the microscope and which may be even more important than the 
accumulation of lipoids It has never been satisfactoril}’- established 
from the study of human material that the lipoids play the major role 
Whether they represent cause or effect is still a matter of controversy 
On this question, more than on any other, the experimental results have 
lieen brought to bear as presumptive evidence of the great importance of 
the lipoids in the etiology and pathogenesis of human aitenoscleiosis 
My interest in the cholesterol feeding experiments was aioused by 
the claims of many authors th at experimental c holesterol arteriosclerosis 
in rabbits is virtually identical with human arteriosclefosis In'in}'^ own 
experiments certain features of the pathologic picture seemed to be 
rather inconsistent with such a conclusion However, a more complete 
and thorough examination of the literature showed that my results 
differed in no essential respect from those of previous investigators 
The discrep ancy lay in the fact that the p oints of difference between 
human artenqsderqsfs and the^expenmentaf disease have been almost 
arway^cbmpktely subordinated to the features of similarity 

The experimental data which have now accumulated have come to 
assume considerable importance On the assumption of identity between 
experimental and human arteriosclerosis, the experimental results are 
frequently cited as evidence in support of a modification of the so-called 

imbibition oi infiltration ’ theory of human arteriosclerosis This 
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theory, which was first proposed many years ago,*^ is offered in a some- 
what different form as an explanation of the development of experi- 
mental cholesteiol aiteiiosclerosis It is assumed that the modified 
theory may be applied quite as appropriately in the explanation of the 
development of artenoscleiosis m man The modification consists chiefly 
in the great emphasis which is laid on hypercholesteremia as a factoi 
of primal y etiologic significance in human arteriosclerosis Such unre- 
ser\ed acceptance of the experimental data as evidence capable of direct 
application in the human being has led to inferences of far-reaching 
nnpoitance, which have attained widespread credence and popularity 
through the extensive writings of numerous authors It seemed worth 
while, therefore, to examine rather carefully the experimental work 
on which these ideas aie based, with the purpose of determining what 
facts have been established and of evaluating their importance as applied 
to the solution of problems of aitenosclerosis in man 

II ORIGIN AND DEVELOPMENT OF CHOLESTEROL FEEDING 

EXPERIMENTS 

In 1908 Ignatowski,*^ studying the effects of high protein diets on 
labbits, noticed the occurrence of fatty plaques on the intimal surface 
of the aorta in some of his animals, as well as fatty accumulations in 
the liver and kidneys and maiked enlargement of the suprarenal glands 
The feedings had consisted of meat, eggs and milk, and he attributed 
the pathologic changes to the effect on a herbivorous animal of a diet 
rich in animal proteins In the following year, Starokadomsky studied 
the lesions in the arteries moie carefully and described them fully 
He had given his labbits a diet of eggs and milk, and he, too, believed 
the lesions to be due to the toxic effect of the proteins in the diet 
However, the experiments of Stuckey,-^* reported m 1910, threw some 
doubt on this point He fed rabbits with milk, egg-w hite, egg yolks 
and meat juice m vaiious combinations and found that the di ets contam- 
mg egg yolks produced marked fatty changes m the aorta and some 
of Its large branches, 'while milk, egg-white and meat juice alone had 
no damaging effect on the arteries Stuckey ^“^'-was- later successful 
m producing identical lesions by feeding biain tissue These findings, 
together with other considerations, led to the idea that the lesions m 
the arteries and elsewhere were n ot due t o the protein fraction of the 
diet burraflTerHoT'sdme "iipoid con^stituent coinriidh'Td egg yolks and 
bram_^tissue 

(b) References 15, 16 and 124 m bibliography 

(c) 64, 65, 66 

(d) 147, 148 



DUFF— CHOLESTEROL ARTERIOSCLEROSIS 


85 


The experiments of Wesselkin «= with the feeding of lecithin, although 
only 1 animal was given a really large amount, stiongly indicated that 
this substance was not responsible for the pathologic alterations 
Stuckey had _already„ shown_that_ diets .containing^ neutral fats and 
fatt^cids were ineffective m producing the aitenal lesions It remained 
for ‘Anitschkow and'ChalafowV m 1913, to demonstrate that the feeding 
of pure cholesteiol^ dissolved m oil could produce in rabbits lesions 
identical with those described by previous investigatoi s Independently 
and almost simultaneously, Wacker and Hueck ** reported that pure 
cholesterol in solid form added to the ordinary food of rabbits could 
produce the lesions, and they showed further that it brought about a 
marked increase in the cholesterol content of the blood, an increase 
which was dependent foi the most part on an elevation of the cholesterol 
esters 

Since that time similai experiments with various modifications have 
been carried out on rabbits by numerous investigators who have studied 
and described fatty accumulations in a variety of situations throughout 
the body This woik has demonstrated that the lipoids, which are for 
the most part anisotropic, are deposited first in the cells of the reticulo- 
enddtliehal"J^efn"'ifrThe fiver, spleen7 l^TpIi~ff63es~ahd bone“iTiarrow 
The "cells of the suprarenal cortex and the central cells of the liver 
lobules b^ome heavily loaded with lipoids Later, fatty deposits occur 
in the arteries, in the valves of the heart and in_the Veins , m the sTin, 
subcutaneous tissue and tendons , in the mucosj. and su bmucosa of the 
bile""ducts, gallbladder and stomach, m the interstitial tissue of the 
kidneys,' and in the eyes, simulating the arcus senilis 

The effects of cholesterol feeding have been studied also in a variety 
of animals o ther than the ra bjjit, but attempts to produce arterial lesions 
in other animals by this method have met with limi ted succ ess Bailey 
in 1915 reported the production of experimental cholesterol artei losclei o- 
sis in guinea-pigs, and his results have since been confirmed by several 
othei investigators It is now clear enough that cholestei ol-rich diets 
are capable of producing aiterial lesions in_guinea-pigs as well as in 
^ ^bb its, but t here has,_been no convincin g demonstration of~"a similar 
effect in any other animal — - - — 

The hteratuie bearing on the changes produced in various organs 
and tissues by cholesterol feeding has been well summarized by Schon- 

(c) 178, 179 
(/) 4, 13 

(£ 7 ) This and subsequent references to "pure cholesterol” indicate prepara- 
tions of “cholesterol” supplied by commercial firms or manufactured by the experi- 
menter It IS not to be inferred that such preparations consisted of a single pure 
chemical In all probablity they contained two or more sterols of which one was 
almost certainly ergosterol 
(/i) 166, 167 
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heimer More comprehensive publications in this field are those of 
Kawamura and Chalatow The literature dealing especially with 
experimental cholesterol arteriosclerosis has been summarized briefly 
by Schultz/^® and quite recently Anitschkow has written a full review 
of the subject from the Russian point of view 

I 

III METHODS 

A variety of cholesterol-rich diets have been administered in various 
ways by dififerent investigators for the production of experimental 
cholesterol arteriosclerosis Egg yolks have been the most commonly 
used of cholesterol-rich foods,* but brain tissue,^ liver and hydrous 
wool fat ^ have been used with success These substances were mixed 
with the ordinary food (in the case of liver, as a dry powder), or were 
thinned out by mixture with some liquid and administered by means 
of a stomach tube After the discovery that cholesterol alone would 
produce the same results, it was commonly employed Solid cholesterol 
has been given mixed with oats or bread “ or administered in capsules 
Others have used an oily solution of cholesterol, with which meal or 
bread was saturated " Still others have introduced the cholesterol in 
oily solution directly into the stomach by means of a stomach tube,® 
and this seems to be the method of choice A vaiiety of mediums for 
the solution or suspension of cholesterol have been tried with success 
Sunflower-seed oi1,p cottonseed oil,*! olive oil ^ and 5 per cent sodium 
oleate all seemed to be suitable, and none of them alone produced 
changes in the arteries The cholesterol content of the preparations 
ranged from 2 to 7 5 per cent 

The daily administration of the cholesterol ration through a stomach 
tube seems to be the most convenient method The only valid objection 
to the use of a tube is the occasional loss of an animal from perforation 
of the esophagus or stomach or from aspiration pneumonia How- 
ever, both of these accidents can be avoided by the use of a soft tube, 
by practice in passing the tube and by care in cleaning it thoroughly 
before it is passed It has been pointed out that the insertion of the 
stomach tube might cause an increase m blood pressure Tholldte 

Ci) 6, 7, 20, 42, 45, 67, 76, 152, 189, etc 

(;) 153, 156, 157 

(k) 38, 75, 76, 132, 156 

(/) 34, 109, 141, 142, 143, 169 

(in) 74, 131, 166, 167 

(«) 20, 42 

(o) 4, 5, 13, 45, 99, 100, 145, 189, etc 
(P) 4, 5, 13 

(q) 19, 20 

(r) 45, 100, 167 
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lias advanced evidence to the contrary, but with this possibility in view, 
some investigators have pi ef erred to avoid the use of the tube and 
have given cholesterol or cholesterol-rich substances mixed with other 
foods The objections to this method are the uncertainty as to how much 
cholesterol the animals actually ingest and the occasional difficulty 
encountered in inducing them to take the food 

Whatever method is chosen for the introduction of cholesterol, its 
administration must be continued for some time, and its total quantity 
must be considerable before the lesions in the aiteries make their appeal - 
ance If solid cholesterol is fed, its administration must be continued 
for a longer time and its total quantity must be greater in order to 
produce the arteiial lesions than is the case if it is employed in solution 
in oil or as it occurs natuially m egg yolks, hydrous wool fat, etc 
Thus, Anitschkow® found the eailiest microscopic changes in the aortas 
of his rabbits after from 30 to 45 days when a total of fiom 11 to 18 Gm 
of cholesterol m oil had been given by mouth The earliest gross alteia- 
tions were seen at the end of from 55 to 78 days after a total of about 
30 Gm of cholesterol had been fed Bailey obseived early changes 
in the aortas of his rabbits only after the administration by the oral 
route of 14 5 Gm of cholesterol in oil m 36 dajys, or of 26 egg yolks 
m 30 days On the other hand, Wacker and Hueck,* who fed their 
rabbits with solid cholesteiol were unable to find any changes m the 
arteries m less than 5 months, although the daily dose was 1 25 Gm , 
the total quantity of cholesterol therefore being in the neighboihood 
of 175 Gm or more Apparently the more rapid development of lesions 
after the feeding of cholesterol m solution is dependent on the greater 
ease with which it is absorbed in this form from the gasti o-mtestinal 
tract 

Some investigators have combined the administration of cholesterol- 
rich diets with other procedures designed to injure the arterial walls 
simultaneously These procedures have included the use of the suspen- 
sion method of Klotz,'^" narrowing of the aorta by a loose hgatuie, 
injections of epinephrine hydrochloride or of certain toxic substances, 
or even direct injury to the wall of the aoita by cauterization Others 
have modified the experiment by interference with the endocrine system 
with the object of altering the cholesterol metabolism in such a way 
as to favor or retard the accumulation of lipoids m the organs and 
arteiies These special methods will be mentioned later with their 
results 

At this point It may be leraarked that the concentration of attention 
on the cholesterol content of the diet seems to have detracted from 
any seiious consideration of its general nature The diet, apart from the 

(s) 4, 5 

(f) 166, 167 . 
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added cholesterol, has usually consisted of foods commonly used for 
the maintenance of laboratory animals and, of course, has been the same 
as that given to control animals Nevertheless, it seems much more 
desirable that the diet, except for its excessive content of cholesterol, 
should be a balanced one which is known to be adequate m all respects 
In this connection, the work of Blumer and his associates is sugges- 
tive, purporting to show that chlorophyll added to the diet retards the 
development of experimental cholesterol arteriosclerosis in rabbits The 
effects of added substances other than cholesterol (eg, the other lipoids 
and the proteins in egg yolks, the oils used for the solution of cholesterol, 
etc ) must also be taken into account 

A number of investigators have experimented with parenteral admin- 
istration of cholesterol By the use of intravenous injections of a prepa- 
ration of cholesterol in 5 per cent sodium oleate, Klotz was able to 
produce arterial lesions in rabbits which he described as corresponding 
to the early stages of the lesions occurring in the cholesterol feeding 
experiments Dewey reported similar results following intravenous 
or intrapentoneal administration of a colloidal suspension of cholesterol 
in water These results, however, have not been confirmed by subse- 
quent investigations " in which attempts to produce generalized changes 
in the arteries by means of injections of cholesterol have met consis- 
tently with failure Various solutions of cholesterol and various routes 
of administration have been tried, but the parenteral introduction of 
cholesterol has not proved itself a method well adapted to the produc- 
tion of lesions in the arteries, perhaps because the doses of cholesterol 
are necessarily rather small or because the experiments have not been 
sufficiently protracted Apparently cholesteiol is absorbed rather slowly 
from the tissues even when it is dissolved in oil Oily solutions can 
hardly be injected intravenously in large quantities, and colloidal sus- 
pensions of cholesterol in water, when injected into the veins, produce 
only a relatively slight and often temporary elevation of the blood 
cholesterol level The increase occurs chiefly in the fiee cholesteiol 
in the plasma, while the cholesterol esters remain practically unchanged 
The cholesterol is rapidly removed from the blood and is found in 
the reticulo-endothehal cells Evidently other lipoids are required to 
hold the cholesterol in the blood stream for any length of time in stable 
colloidal solution 

IV ARTERIAL LESIONS OF EXPERIMENTAL CHOLESTEROL 
ARTERIOSCLEROSIS IN RABBITS 

(a) Gloss Appeal ance and Disfubutwn — The descriptions by 
numerous authors^ of the gross appearance and distribution of the 


(«) 38, 46, 69, 70, 123, 140, 167, 189 

(v) 4, 5, 20, 45, 66, 100, 131, 147, 148, 152, 153, 162, 164, 166, etc 
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arterial lesions which follow cholesterol feeding in rabbits show a gen- 
eral agreement, except when the experiment has been modified by pro- 
cedures other than simple administration of cholesterol TJie ^sions 
of the arteries mak e their appearance first in the aorta but only aiter 
the livejj spleen, bone marrow and su prarenal g lands have become loaded 
with lipoids In'the aortMhe earliest alterations arc usually to be found 
in the arch about the mouths of the vessels arising from it or just 
above the aortic valve ring They become visible on the intimal suiface 
as minute yellowish-white opaque flecks which aie raised slightly above 
the surrounding normal intima At first these areas aie not sharply 
limited but fade off gradually at their borders However, with increas- 
ing size, the tiny thickenings often come to form well demaicated little 
nodular projections of rounded or irregular outline, which have a cuiious 
glistening appearance and a yellow or yellowish-white color As the 
original lesions become larger, moie and more yellowish opacities make 
their appeal ance in other parts of the arch, and they may be found also 
in the thoracic aorta In the latter situation, they are more numerous 
on the posterior wall of the vessel and are usually described as tending 
to favor the areas about the mouths of the intercostal aiteiies How- 
ever, similar thickenings are often present on the sides or on the anterior 
aspect of the aortic wall In some cases the lesions may be confined 
to the arch and thoracic portion of the aorta, but the abdominal portion 
is frequently affected also, fliough to a lesser degree, and here, too, 
the areas about the mouths of branching arteries are more commonly 
the sites of lesions than areas elsewhere 

With increase in the dimensions of the individual nodules, which 
may reach the size of a split pea, adjacent nodules coalesce, forming 
large irregular plaques, or this may occur widely, especially in the arch 
of the aorta, so that large areas become involved A rough, warty, 
yellowish surface results, and the thickening may be sufficient to cause 
a significant narrowing of the aortic lumen, though later a dilatation 
of the vessel occurs In the thoracic poition of the aorta, the con- 
fluence of a senes of nodules may form irregular streaks, especially 
on the posterior surface of the vessel In the abdominal poition, the 
irregular coalescence of individual nodules may produce a variegated 
picture The most severe changes in the aorta are characterized by 
the appearance of fusiform dilatations usually m the arch, followed 
rarely by the formation of true aneurysmal sacs The elasticity of the 
vessel is appreciably reduced 

When the lesions in the aorta have become well established, and 
sometimes sooner, isolated fatty flecks may be found also in its larger 
branches, perhaps most commonly at points of bifurcation TTejumumi^. 
na te, common carotid, subclavian._ ^mjnon iliac and femoral arteries 

but the F^af arteries are 
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not fre^[U^ntly_ mentioned Later, even the smaller blanches of the 
aiterial tree may show small nodular lesions The coionary arteries 
of the heart are often, attacked^ and to a lesser degree those of the 
spleen alid mesentery . The arterie s of the liver and kidiiey_are even less 
affected, while the ceipDral and j-etmal arteiies always rem'ain 
unHiangecT^ ^ 

'"The mam tiunk of the pulmonary artery also shows fatty thicken- 
ings on the mtimal surface soon after the earliest changes are found in 
the aorta Small yellow ish-white nodules first make then appearance 
in irregular distribution and later coalesce as m the arch of the aorta, 
forming a roughened and irregular surface Isolated plaques may be 
found also in the laige branches of the pulmonary artery and even in 
its finer ramifications ' 

(b) Microscopic Appeal once of Lesions in the Aoita — Numerous 
descriptions of the microscopic appearance of these lesions m the arteries 
of rabbits aie to be found m the literature,^ and legardmg certain of 
their more obvious featuies there is no question However, the lesions 
vary to a considerable extent m some respects even in apparently com- 
paiable senes of expeimients This is evident in a comparison of a 
number of descriptions of the alterations in the arteries and is even 
more striking in a comparison of photomici ographs or drawings of 
the arterial changes How much of this vaiiation may be due to 
differences in the rate of development of the lesions with different daily 
doses of cholesterol oi to natural diflferences between individual rabbits, 
or how much may depend on unknown and uncontrolled factors, can be 
a matter only for speculation at present In any event, diffeiences do 
exist In the intima, they aie to be found chiefly in the varying abun- 
dance of cells relative to the quantity of intercellular mateiial and in 
the A^arying piopoition between the numbers of the two mam kinds 
of cells wdnch appeal Often the promin ent feature m the intima is 
the accumulation of laige, foamy, fat-laden cells, which may compose 
the bulk of the thickening, jvhile in other experiments the fibroblastic 
reaction is more pronounced^ In still other cases, the mtimal thickening 
IS extiemely poor m cells and is composed largely of homogeneous 
intercellular mateiial, "which"! shall 'hereafter refer to as “ground sub- 
stance,” recognizing, of co uise, that it m ay_exist m vivo_ as a fluid oi 
pel haps in the form of a gel In the media, the c haracter ^f the lesions 
IS much more constant, but the extent of the medial involvement varies 
considerably Focal necrosis of flie smooth muscle of the media followed 

(to) 81, 84, 184 

(r) 11, 12, 162, 164 

(v) 20, 29, 45, 99, 100, 135, 179 

4, 5, 20, 34, 45 66 76 80 89, 100, 126, 131, 135, 147, 148, 152, 153, 166, 
169 189, etc 
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by impregnation of these areas with lipqidb niay be a striking and early 
oecuirenceT^lIir'a^”^^^ the medial lesions may be delayed 

until the lesions in the intima aie well developed 

The lesions in the laige branches of the aorta and in the smaller 
arteries have not been studied so thoroughly as those in the aoita itself 
Howevei, the lesions, wheievei they occui in the aiterial tree, seem 
to be of essentially the same nature The desciiption of the histologic 
changes in the arteiies will therefore be confined to those occui ring 
in the aorta 

Microscopic alterations in the aorta can sometimes be distinguished 
a month or more before the lesions become grossly evident, but the 
site of the earliest deposits of hpoid material is a question about which 
there has been discussion In the rabbit, the intimal layei of the 
aorta consists of a single layer of lining endothelium separated from 
the internal elastic lamina only by an extremely thin la3^ei of inter- 
cellular ground substance in which an occasional spindle-shaped cell 
may be seen The thin layer of ground substance hist becomes swollen 
so that It IS distinctly thicker than usual It was in this layei of altered 
intercellular substance that Anitschkow ^ and others obsei ved the 
eaihest deposits of anisotropic fat as fine dioplets oi gianules, prior to 
the appearance of any fat-contaming cells Other authors ^ concluded 
from their observations that the first appearance of lipoids was within 
cells of the lining endothelium or of the subendothehal layei The 
burden of proof seems to rest with the latter group, for they all observed 
extracellular as well as intracellular fat While the extracellulai hpoid 
material might have been released M^om necrotic cells, the possibility 
that It was firsFdeposifed in the intercellular mateiial and later was taken 
up' byTiells' cannot be excluded^ Trom my own obseiwations I am 
c qnvihced ' that a nisOtropic_ f attv materials may appear extracellularly 
in the intima in the alteied subendothehal ground substance befoie any 
faFcbhtaihmg'cells'arF'to'be found Indeed, the accumulation of lipoids 
in the greatly swollen subendothehal layei may become very abundant 
without the appearance of any considerable cellular prolifeiation On 
the other hand, the extracellulai lipoids may rapidly be masked by the 
advent of numerous cells which become laden with fat Jt was fo undjdso 
that the_inne r layers o f t he media may be the site of the earliest deposits 
of lipoid materials, as will be described jnqre fully in a subsequent 
paragrapli ~ “ 

At a slightly later stage, the thickenings of the intima of the aorta 
nearly always contain a considerable accumulation" of cells, among which 

(a) 20, 45 

(O 4, 5 

(c) 126, 145, 164, 189, etc 

(d) 20, 99, 100, 166 
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large, foamj , fat-laden cells are the most prominent These foamy cells 
may sometimes show a palisade arrangement in rows vertical to the 
plane of the aortic surface, but more frequently they are irregularly 
ananged and form a little heaped-up clump, which eventually becomes 
grossly visible as a tin}, yellowish-white thickening on the intimal sur- 
face The diameter of the individual cells ranges from 10 to 24 microns,® 
and their outline may be lounded or polygonal or even somewhat flat- 
tened In the smaller cells the cytoplasm forms only a relatively narrow 
run about the nucleus, but m the laiger ones it is voluminous It is 
pale-staming and slightly basophilic, and shows a delicate reticular 
structuie foimmg a spongy oi honeycombed network which gives the 
cytoplasm a foam}' appearance The nucleus is usually centrally placed, 
small, round and deeply staining In larger cells, however, it may be 
paler-staming or in some cases small and pyknotic, and it may be dis- 
placed from its central position Some of the large cells contain two 
or three nuclei * It will be convenient to refer to the cells described 
m this paragraph as “foam cells ” 

The phagocytic foam cells have attracted special attention because 
of their exact resemblance m form and apparently also in function to 
the large fat-holdmg cells found in the mtima of arteriosclerotic human 
arteries The foam cells which accumulate in the mtima m experimental 
cholesterol arteriosclerosis seem unquestionably to be macrophages 
They resemble the large mononuclear phagocytes elsewhere m the animal 
body not only in appearance but also m their active phagocytosis of 
lipoids Moreover, they take up colloidal dyes just as do the macro- 
phages elsewhere,'^® so that there is really no reasonable doubt as to 
their identity It is possible that the macrophages might migrate into 
the mtima from the medial direction, but this possibility is practically 
excluded by the lack of foam cell accumulations m association with 
deposits of anisotropic lipoids m the media ^ There are those who 
believe that the macrophages enter the mtima from the lumen of the 
aitery However, it appears quite possible that they may arise through 
the multiplication of wandering mononuclear phagocytes present in the 
mtima prior to the appearance of lipoids In any event, this is a pos- 
sibility which has not been excluded 

In the interstices between the foam cells there are found other, 
much smaller, spindle-shaped or stellate cells with round or oval nuclei 
These are morphologically indistinguishable from fibroblasts and are 
usually identified as such These cells may be quite prominent in the 
early stages,-® but more often they are not very numerous until 
the lesions become more advanced The description by some of the 
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earlier investigators of smooth muscle cells m the mtima seems surely 
to'liave”been duelo a" mistake m the identification of the spindle-shaped 
cells 01 m the recognition of the limits of the media aftei the internal 
elastic lamina had dismtegiated Seveial authors also mention the occa- 
sional occuirence in the intima of small mononuclear cells lesemblmg 
blood lymphocytes 

Even after the appeal aiice of numerous cells m the mtima, the 
homogeneous intercellulai giound substance may lemam quite conspicu- 
ous, and it appears to inciease in abundance Fine strands of fibroglia 
and delicate elastic fibrils are also found lamifymg between the cells 
of the intimal thickening 

Opinion varies as to the idle m the reaction played by the lining 
endothelial cells Anitschkow believed that they wei e entirely passive, 
and stated that they could always be seen forming a single thin layer 
of flat cells covering the surface of the thickening in the mtima How- 
ever, this observation has not always been confirmed Most authors 
have found many of the intimal cells coveimg the lesion somewhat 
swollen and containing fatty granules, while other cells were thin and 
flat But they hesitate to call the swollen cells lining endothelium, 
although the cells are apparently in contact with the blood stieam 
This hesitancy is perhaps justified because of the frequent difficulty 
in seeing any endothelial lining in the normal rabbit’s aorta and the 
ease with which it can be wiped off in handling the gioss material 

In frozen sections stained for fat, the aoitic lesions are seen to 
contain large amounts of hpoid material The cytoplasm of the foam 
cells is packed with innumerable fine granules oi droplets which stain 
with Sudan III and which, m unstained sections, show a pale yellow 
luster Many of th e spindle-shaped cells, contain fatty granules scat- 
te^.Sd EL'^fi 6 ]^tppli^fiIaHei.theF_end_of the nucleus The intercellular 
ground substance contains deposits of finely divided lipoid material 
or It rnayjbe.. densely and uniformly ^impregnated with lipoids Crystals 
of Iipoid material may be seen in the foam cells as well as in the inter- 
cellular ground substance of the mtima and, in paraffin sections, fusiform 
hpoid-crystal clefts are frequently seen in both situations ' A large 
pri yortion of th e fatty material is anisotrop ic In_consideration~oTtIus 
fact and of th e other physi cal properties as well as the stammg ructions 

con sist chi efly of cholesterol and its esters ^ However, this cannot be 
stated with certainty since the staining reactions and othei ciiteria 
commonly employed for the identification of lipoids m histologic sections 
are subject to certain fallacies, as Kutschera-Aichbergen has shown »- 
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Chemical determinations of the hpoids contained in the arterial lesions 
of experimental cholesterol arteriosclerosis have apparently never been 
made 

With the further development of the lesions, the thickness of the 
intima may leach 126 microns,^ or it may be even greater than that 

of the underlying media The foam cells in the deepest part of the 

plaque become necrotic, ^leaving their load of fatty material free in 

the finely granular debris of their disintegration At the same time 
fibi oblasts come into prominence They piohferate extensively in the 
deeper layers of the intimal thickening and frequently form a compact 
fibious layei just beneath the intimal surface There is a marked 
increase in fibroglia and elastic fibrils, the lattei often showing a con- 
nection with the splitting inteinal elastic lamina A large number of 
foam cells still persist, scattered singly and in groups throughout the 
lesion An aggregation of foam cells usually surrounds the collection 
of free lipoid material in the depths of the intimal thickening and adds to 
Its bulk through necrosis Tl^'^pl’A of „free_iatty„ substance, which 
results tends to ^ecpme calcified, and the calci_fication .tends .to„inyolve 
als oThe und e_rlying media, which b}^ this time has usually ,undei gone 
ext ensive chan ges 

In Older to appreciate properly the significance of the deposi tion 
of .hpO]ds~m~-the-^media~of— the->-aor-ta,'^Qne^u st return to the earliest 
miciqscopic changes-in_the_vesseLa nd follow the process As has been 
mentioned, the c hanges in the media may be the earliest to appear and 
may remain the most striking So far as I am aware, theie is no record 
in previous hteratuie of hpoid deposits m the media preceding those 
in the Ultima, although Bailey lemarked on the extent of the medial 
lesions in some of his rabbits when the intimal deposits weie only 
beginnnmg However, I have obser ved m rabbits of my own experi- 
mental sei les very conspicuous deposits of anisotropic hpoid material 
in~~th e media^ of the arch before any change could be detected in the 
overlying intima either grossly or microscopically These deposits were 
preceded by a peculiar focal necrosis of groups of muscle fibers in 
the inner third of the media The affected areas were at first quite 
small, occupying the space between two adjacent elastic laminae and 
extending for a short distance m the longitudinal direction In such 
areas there Avere no intact muscle cells, the spaces containing only a 
ver) pale-staining rather cloudy or flocculent ground substance with 
occasional fragments of cells The sma^r area s of necrosis never 
s howed an W hp.oid .deposits, but in the larger ^iTes~tlie "beginnuigT^cu- 
mulation of fi ne granules or _ droplet^ of ani^tropic hpoid became 
ei id^t” *The hpoid droplets were diffusely distnbuted through the floc~ 
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culent giound substance, and in still larger areas lipoids weie even 
more abundant The fatty material was almost exclusively exti acellular 
and lay free m the anucleai areas of muscle destiuction Occasional 
small mononucleai cells contained a few tiny droplets of stainable fat 
m tlieir cytoplasm However, the abundant accumulations of fat-laden 
foam cells, so common m the lesions of the intima, weie entirely lacking 
m the media 

The more seveie degrees of medial damage in these animals always 
had associated with them a more oi less marked change in the ovei lying 
Ultima, and this appears always to have been the case in the obseivations 
of otbeis With adva ncement of the mediaMes^ons, there occuis wide- 
spread desjhuHi mi of the muscle and elastic tissue in the inner third 
ofWhnnedia followed by a progressive_ infilti ation of lipoids The 
individual aieas of anisotropic lipoid deposit finally coalesce so that 
the iniiei medial zone comes to consist only of pale-staimng structure- 
less ground substance densely impregnated with lipoids and containing 
only occasional distorted muscle cells and fragments of elastic fibers 
scatteied through it Tlie interaal elastic lamina lesists destruction for 
a long time, but finally it, too, shows breaks in its continuity. This 
event_marks llie first "appearance of the laige foam cells, in the media 
They can be seen first near the points of rupture of the internal elastic 
lamina and seem to be wandering oiitwaid from the intimal layer ^ 
The internal elastic lamina may eventually undeigo complete disintegra- 
tion, and the inner layer of the media, packed with fat-laden foam cells, 
becomes almost indistinguishable fiom the intima The destiuction of 
the media may advance until only its outei thud lemains intact This 
widespread destruction with weakening of the media is evidentl} the 
basis for the formation of the aortic dilatations and aneurysms which 
may occur in tlie late stages "of tbe procesT^'* 

A number of investigators^ have desciibed the early anucleai areas 
of fatty mfilti ation in the media, but the fact of the occurience of 
the medial lesions has never been given any prominence They are 
frequently given mere mention, and it is tacitly implied that they are 
only the result of “fatty degeneration” of the media secondary to tbe 
intimal lesions It is tiue that they are commonly associated with lesions 
m the overlying intima However, it is clear that they sometimes occur 
independently, and that t he lipoid accumulations are no t ^le to a “fatty 
d egeneration ’^^ of_the muscle .fibers _but_j 3 ^re_^nt t^^r^iiir oTTi'poid 
deposition fo llowing injury ajnd necrosi^ of ''the~ media These~facts 
are of jionsidera'ble' importance, in Jhe Juter^etatmnVf „ the , significance 
of experimental cholerterpl arterioscler osis 
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(c) Changes m Aitejial Lesions Following Cessation of Cholesteiol 
Feeding — The fate of the lesions in the aorta after the feeding of choles- 
terol IS discontinued is a point on which less information is available 
However, several investigators ™ have reported a few experiments m 
which the lesions were examined at intervals up to six months after 
the cessation of cholesterol feeding Anitschkow carried out more 
extended experiments m which the intervals after the withdrawal of 
cholesterol from the diet ranged from 101 to 815 days Similar inves- 
tigations of the lesions m the coronary arteries of the heait have been 
reported “ I n all of thes e experiments, cholesterol feeding was con- 
tinued long enough for the lesions m the arteries presumably To”b'^ 
developed After the^cessation of cholesterol administration, the arterial 
lesions were found to persist to the end of the longest experiments, 
but their character was somewhat altered No _ appreciable ^changes 
could be seen m the jiortic lesions within a month, but after longer 
intervals they showed evidences of transition toward a more fibrous 
type 

The results of these experiments indicate that the fatty materials 
m the plaques gradually_ dimmisl\ in quantity, a pi ocess which seems 
to be more rapid m the arch of the aorta than m its more distal parts 
The superficial layers of the thickenings come to be composed chiefly 
of fibrous connective tissue cells interspersed between abundant collagen 
and elastic fibrils Lipoids still persist, however, especially m the deeper 
parts of the plaques, where numerous"lLriisbtrx)pic crystals are found 
lying m necrotic debris Calcification m these areas is a frequent occur- 
rence The fat-contammg foam cells dimmish m size and numbFrlind" 
are found mostly about the collection of free fatty material m the depths 
of the lesion Muscle fibers are frequently mentioned as occupying 
a similar situation Their presence probably indicates disintegration 
of the internal elastic lamina with medial involvement, but it is impos- 
sible to be certain of this since the condition of the underlying media 
has not been specifically described The smallest lesions which remain 
are composed almost entirely of fine fibrillar connective tissue, but even 
m these there are found a few fat-contammg foam cells or scattered 
lipoid crystals Hyalmization of the fibrous tissue has never been 
described as occurring m the intiinal thickenings, even at the end of 
these prolonged experiments 

It would be interesting to know whether or not the earliest minimal 
lesions would disappear completely after the cessation of cholesterol 
feeding 

(d) Mutual Independence of Expeiimental Cholestei ol Aifeiio- 
scleiosis and Spontaneous Disease of the Aitcrtcs of Rabbits — Before 
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proceeding farther, it is necessary to considei the possible lolc of spon- 
taneous arterial disease in the development of the aiterial lesions 
described m the foregoing pages This is especially impoitant in the 
case of the labbit, which is the animal that has been used m the great 
majority of experiments with cholesterol feeding and m which spon- 
taneous disease of the arteries is well known to occur 

Descriptions of spontaneous changes in the aiteiies of rabbits'* aie 
confined almost exclusively to one type of lesion m which alterations 
are found chiefly m the media of the aorta The lesions occui in local- 
ized areas m the middle of the medial coat or neaiei its inner maigin 
The muscle cells become necrotic and disappeai and the elastic fibers, 
while lemainmg intact, lose their undulations and fall together in parallel 
rows Calcification in the affected areas is a common end-iesult Stain- 
able fat, if present at all, occurs m only the most minute amounts within 
degenerating muscle cells or in scatteied wandering cells, and it is not 
anisotropic The intima is affected secondarily, showing inconspicuous 
alterations in the lining endothelium and some swelling of the sub- 
endothelial ground substance The frequency with which this type of 
spontaneous lesion occui s gives some indication of the susceptibility 
of the rabbit to arterial injury, but the lesion itself need not be consid- 
ered further, since it is perfectly clear that it is quite different from the 
lesions produced by the administiation of cholesterol-i ich diets When 
spontaneous medial lesions are present m a rabbit which has been sub- 
jected to cholesterol feeding, they can still be recognized with the greatest 
ease and distinctly differentiated fiom the lesions lesultmg from the 
feeding®® I have thoioughly convinced myself of the truth of this 
statement in my own experiments 

Nuzum and his co-workers recently drew attention to another 
type of arterial lesion which they encountered in rabbits as a spontaneous 
development The lesions which they described are indistinguishable 
from those which follow the administration of cholesterol-rich diets 
In the examination of 190 rabbits, lesions of this type were found in 
the aortas of 6 of them All of the animals were between 2 and 3 
years old, and most of them had been used in the standardization of 
insulin or as controls in various experiments The importance of the 
observation cannot be denied, but it loses much of its significance m 
the face of the evidence accumulated by a number of other investigators 

So far as I am awaie, the only report of a similar finding is that 
of Ophuls, who found lesions of the type in question in the aoita 
of 1 rabbit The animal had just been received m the laboratory and 
Its age was unknown, but it was described as a large, healthy, well 
developed, female rabbit Ophuls thought the obseivation sufficiently 
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unique to warrant a separate publication On the other hand, similar 
lesions have never been encounteied among the several thousands of 
rabbits examined by other investigators in search of spontaneous 
arterial disease Failure to find the lesions could hardly be the result 
of failure to examine the arteries microscopically, foi in most instances 
microscopic examinations were made In view of these facts, it seems 
hardly credible that spontaneous aiterial lesions of this type, heietofore 
so excessively rare, should suddenly crop out in a relatively small series 
of 190 animals without some definite cause It is, of course, impossible 
to know exactly what the cause was, but it seems that the use of some 
of the animals for apparently innocent experimental purposes may not 
have been entirely without effect Dietary factois acting ovei a long 
period of time may have been responsible This is possible since the 
rabbits were all old ones, and the suggestion seems all the more plausible 
since It IS known that during the prolonged administration of diets 
containing very small quantities of cholesterol, lesions of the type m 
question develop in the aorta The same explanation may well apply 
in the case of the rabbit described by Ophuls, the previous diet of 
which was entirely unknown In any event, confirmatory reports 
from other laboratories in which the loutine diets for rabbits is different 
would be requisite to a firm conviction regarding the strict spontaneity 
of the aortic lesions under discussion 

Whatever may be one’s opinion concerning the cause of these “spon- 
taneous” changes, it still seems certain that the fatty artenal lesions 
observed m the numeious experiments on rabbits weie produced by the 
experimental procedures employed, and this for three reasons 1 In 
no series of experiments have lesions of the type in question been found 
in control animals 2 Barring accidents, the artenal lesions can be pro- 
duced without fail in young rabbits by the use of sufficient doses of 
cholesterol administeied in a suitable way 3 Veiy young rabbits are 
just as susceptible to the effects of cholesterol feeding as adult animals 
This fact IS illustrated m the experiments of Starokadomsky,^'*'^ who 
was able to pioduce typical fatty lesions of the aorta in all of 6 rabbits 
which at the end of the experiment were only 80 days old For these 
reasons it is concluded that the arterial lesions of experimental choles- 
terol arteriosclerosis in rabbits may safely be consideied as one of the 
results of the feeding of cholestei ol-rich diets 

V EFFECTS OF CHOLESTEROL-RICH DIETS ON THE ARTERIES OF 
ANIMALS OTHER THAN RABBITS 

The method of cholesterol feeding has now been applied to a variety 
of experimental animals in attempts to produce fatty lesions in the 
arteries, but for the most part without success It seems probable that 
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experimental ai teriosclerosis can be pioduccd m gmnea-pigs by choles- 
terol feeding but only Avith considerably greater difficulty than in labbits 
Fatty lesions in the aorta and sometimes m othei artciies have been 
obseived m pigeons, chickens, a pariot, mice, lats and goats following 
prolonged periods of cholesterol feeding All of the expeiiments on the 
latter animals, however, aie open to serious objections The possi- 
bility that the arterial lesions had aiisen spontaneously has been almost 
completely ignoied, and m many instances contiol observations on the 
arteries of untreated animals aie entuely lacking Nevertheless, these 
experiments are frequently cited as evidence that experimental choles- 
teiol arteriosclei osis can be produced m a wide vaiiety of animals In 
certain other animals the failuie of cholesterol feeding to aftect the 
arteries is admitted by every one , all attempts to pi oduce arterial lesions 
in cats, dogs, foxes and monkeys by feeding cholesteiol or cholesterol- 
rich diets have been uniformly without success 

The experiments on the various animals mentioned will be outlined 
as briefly as possible However, some of the expeiiments must be 
described m greater detail than they deserve, merely to demonstiate 
their inadequacy as a basis for the statements concerning them which 
constantly recur m the literature 

(o) B^')ds — ^The literature dealing with the lesults of cholesteiol 
feeding m birds is extiemely unsatisfactory though fiequently quoted 
The experiments aie few in number and pooily controlled or not con- 
trolled at all, so that the results are far fiom convincing So far as 
I can determine, there are recorded in the hteiatuie experiments on 
7 pigeons, 20 chickens and 1 paiiot These experiments will be con- 
sidered m order 

Pigeons Anitschkow^' has refeiied to three mvestigatois as author- 
ity for his statement that hpoid infiltration of the arterial walls can be 
produced m pigeons by feeding them with egg yolks, hydrous wool fat or 
cholesterol Of these mvestigatois, only YamaguchO®' repoited any 
experiments on pigeons , his pigeons weie fed with egg yolks or hydrous 
Avool fat The experiments were desciibed m Japanese in 1922, and the 
only available source of information concerning them (and the souice to 
which the Euiopean mvestigatois lefer) is Kawamuia’s monograph,'^® 
m which Yamaguchi’s report of his experiments with pigeons and chick- 
ens IS quoted at length Apparently Yamaguchi fed 4 pigeons with 
1 or 2 egg yolks daily for periods of from 562 to 603 days Three other 
pigeons were fed quantities of hydrous wool fat for even longei periods 
It IS not clear what lesions were found in the arteries at the termination 
of the experiments, for Kawamura has described togethei the results 
obtained by Yamaguchi m both pigeons and chickens Some parts of 
the description refer specifically to chickens, some paits lefer to pigeons, 
but other parts may refer to either or both Howevei, this much seems 
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to be clear The 4 pigeons fed with egg j-olks showed gross “athero- 
sclerosis” of the aorta , in 1 of these there was “a general thickening of 
the first part of the aorta ” The 3 pigeons fed with hydrous wool fat 
showed no gross lesions but evidently some thickening of the intima was 
seen microscopically In describing the microscopic changes m the 
arteries, Kawamura failed to distinguish between the lesions found m 
pigeons and those m chickens, but one gathers that the pigeons’ aortas 
probably showed some deposits of lipoids m the intimal thickenings 
and m the inner layers of the media 

Whatever may have been the exact nature of the lesions observed 
m the arteries of the 7 pigeons, there is absolutely no proof that the 
lesions were not spontaneous nor is there any proof that they had 
developed as the result of feeding the pigeons egg yolks or hydrous wool 
fat No contiol animals were mentioned, and Kawamura himself 
seemed to doubt that the cholesterol m the diet had produced the changes 
m the arteries In another part of Kawamura’s monograph are recorded 
Yamaguchi’s observations on the distribution of cholesterol m the 
organs of a variety of species of birds including pigeons, all presumably 
normal, but there is no mention of the condition of the arteries in the 
pigeons or m any of the other birds excepting chickens Spontaneous 
arteriosclerosis, however, does occur m pigeons, as described by Fox 
Although cholesterol-rich diets may be capable of producing lesions 
m the arteries of pigeons, it is difficult to understand how any one can 
regard this possibility as an established fact on the basis of the nebulous 
information outlined in the preceding paragraphs One can conclude 
only that the feeding of cholesterol-rich diets has not been shown to 
have any effect whatever on the arteries of pigeons 

Chickens In conjunction with his experiments on pigeons, Yama- 
guchi also experimented on 1 1 chickens, which he fed daily with 
egg yolks or hydrous wool fat for periods up to 807 days Two of 
the 5 chickens which had been fed egg yolks showed “atherosclerosis” 
of the aorta, and m 1 of the 2 there were distinct changes m the intima 
of the large branches of the aorta The arteries of the 6 chickens which 
had been fed with hydrous wool fat showed no gross lesions In 
commenting on Yamaguchi’s experiments with pigeons, I have pointed 
out the difficulty of obtaining from Kawamura’s resume of the experi- 
ments any exact information concerning the lesions in the arteries The 
same difficulties are encountered in the case of the experiments on 
chickens Again no control animals were mentioned by Kawamura, 
although he remarked in another part of his monograph that Yamaguchi 
had observed arteriosclerosis in apparently normal chickens Uchi- 
yama,^®” who presumably had access to Yamaguchi’s Japanese papers, 

1 stated that the latter had found spontaneous “atherosclerosis” of the 
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aorta in about 75 per cent of all the untreated chickens examined and 
that he had not observed any increase in the arterial changes in chickens 
fed egg yolks 

The frequent occurrence of spontaneous arteriosclei osis in chickens 
IS well recognized The spontaneous lesions in the arteries have been 
described in detail by Uchiyama,^®® who found that they were almost 
always present in the aorta by the end of the second year of life The 
lesions consisted of localized accumulations of lipoids in the intima 
and inner layers of the media with fibrous prolifeiation in the former 
and sometimes with the formation of atheromas Necrosis and calcifi- 
cation of the media were found in more diffuse distribution, especially 
in the distal half of the aorta, which m chickens has the structure of 
a muscular arter}' Uchiyama also carried out feeding experiments 
on 9 chickens which were fed daily 0 3 Gm of cholesterol in oil for 
periods of from 12 to 420 days In some of these chickens he found 
arterial lesions of exactty the same character and distribution as those 
occurring spontaneously in the control animals, but he believed that the 
intimal changes in the chickens of the experimental group were more 
advanced Confirmation of this opinion by clearcut and carefully con- 
trolled experiments will be necessary to any firm conviction regarding 
the ability of cholesterol feeding to affect the arteiies of chickens 

Parrots Wolkoff has described the lesions found in the aiteries 
of a 40 year old pariot which had been fed egg yolks almost daily during 
the last 3 years of life This apparently is the parrot refeiied to by 
Anitschkow ® Both Wolkoff and Anitschkow seemed to think that 
the feeding of egg yolks had had some bearing on the pioduction of 
the arterial lesions, but this can be nothing more than an opinion since 
no control animals were examined Identical spontaneous arteiioscle- 
rotic changes have been found by a number of diffeient investigators'* 
m panots of comparable age or younger given diets containing no foods 
especiallj- iich in cholesterol There is no reason, therefoie, to believe 
that the lesions in the arteries of the parrot desciibed by Wolkoff were 
in any way dependent on the feeding of egg yolks, and it seems alto- 
gether likely that they were of spontaneous origin 

{b) Mammals — Guinea-Pigs As early as 1913 Chalatow had 
tried the effect of lipoid diets on several guinea-pigs Anisotropic lipoid 
deposits were found in 1 animal, chiefly in the liver and spleen, but 
no mention was made of any changes in the arteries Howevei, in 1915 
Bailey succeeded in producing fatty lesions in the aortas of guinea- 
pigs by feeding from 0 1 to 0 5 Gm of cholesterol in oil daily for periods 
up to 72 days No alterations were visible to the naked eye, but micro- 
scopically he found “small patches of fatty infiltration in the intima 
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and upper media The characteristic piohferation and subsequent degen- 
eration seen in the rabbit were entirely lacking ” He felt that the feeding 
period was too short to exclude the possibility that piohferative changes 
might occur 

Anitschkow** lepeated the expeiiment some yeais later on 7 guinea- 
pigs which he fed fiom to 1 egg yolk daily The longest experiment 
lasted 183 days In the 3 animals which were fed foi moie than 62 
days, he was able to make out minimal gross changes in the foim of 
isolated tiny yellowish streaks in the first pait of the aich of the aorta 
Microscopically the lesions consisted of a diffuse infiltiation of lipoid 
material in the subendothelial layer of the intima and in the innei layers 
of the media Drawings show cleaily that the fatty deposits in the 
media were located m anucleai areas fiom which the muscle cells had 
disappeared The more advanced lesions showed cellular accumulations 
in the intima consisting of cells like small blood l 5 nnphocytes and of 
large fat-laden foam cells The internal elastic lamina was sometimes 
split and connected with fine elastic fibrils in the thickened intimal layer 
In some cases it showed breaks near which cells weie found in the 
media similar to those seen in the intima 

The briefer repoits of several other investigators ^ lend corioboiation 
to these observations 

Unfortunately, no control animals appeal to have been studied in 
connection with any of these experiments, and this fact intioduces some 
doubt as to the status of the aiterial lesions desciibed I have been 
unable to find much mfoimation concerning the occurience of spontane- 
ous disease of the artei les of guinea-pigs Krause and Lowenthal ®'‘ 
did not mention guinea-pigs in their leviews dealing with spontaneous 
aiterial diseases in animals However, Weinbeig^'^ stated that he had 
examined the aortas of 236 guinea-pigs without encountering artei lal 
lesions of any kind Saphir also leported the absence of lesions in 
the aortas of 30 apparently noimal guinea-pigs In view of these com- 
pletely negative observations in normal animals and m consi delation 
of the fact that arterial lesions were found in a fairly large proportion 
of the expel imental animals, it seems that the changes in the arteries of 
guinea-pigs attiibuted to cholesterol feeding may be tentatively accepted 

Mice The first reports of fatty changes in the arteries of cholesterol- 
fed mice were made by Lowenthal ® in 1925 He experimented with 
white mice, which he fed daily 0015 Gm of cholesterol in oil In 
addition to being fed cholesterol, some of the mice were given egg-white 
and others were castrated Only 1 of the 4 mice which received no 
treatment other than cholesteiol feeding presented any fatty deposit in 
the arteries It had been fed for about 4^ months, and at the end 
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of that time it showed a single microscopic area of fat deposit just 
above the aortic valve ring T-he subeudothehal layer of the intima 
contained fatty granules, and a few small cells also contained lipoid 
material Among the 22 mice fed cholesterol and egg-white and m the 
emasculated group. 12 animals had microscopic fatty lesions in the 
aorta, characterized by an accumulation of finely divided hpoid material 
m the subendothehal layer, pait of which was contained m spindle- 
shaped cells Some of the aortas also showed an infiltration of the 
inner layers of the media with fatty granules 

Yuasa fed mice daily 0 03 Gm of cholesterol m 0 2 Gm of lard 
for from 80 to 158 dajs Of the 14 mice, 6 showed fatty lesions in the 
aorta, the minimum time for their development being 126 days The 
changes in the aorta were not described in great detail They consisted 
essentially of an accumulation of anisotropic hpoid droplets in the intima 
and neighboring media with some cellular proliferation m the foimer 

Wolkoff found similar microscopic aortic lesions m 3 of 11 mice 
which had been fed cholesterol-rich diets In one animal, feeding had 
been m progress for 182 days, and in the other 2, for 425 days 

Although Wolkoff reported 6 control animals m which there were 
no aortic lesions, nevertheless, mice appear to be subject to the develop- 
ment of spontaneous arterial changes which may be identical with those 
found after cholesteiol feeding Lowenthal found such microscopic 
changes in 9 mice among about 85 which he examined In his expeii- 
ments with cholesterol feeding he found arterial lesions m 13 of 26 
mice, but 12 of the 13 had been castrated or fed egg-white in addition 
to being fed cholesterol and, moreover, 3 of the 6 control animals also 
showed aitenal lesions Yuasa appaiently made no observations on the 
arteries of control animals 

On the basis of such evidence, one seems hardly justified in conclud- 
ing that cholesterol feeding alone is capable of producing arterial lesions 
in mice Indeed, lack of adequate contiols, togethei with the fact that 
similar arterial lesions occur not infrequently in untreated animals, ren- 
ders these experiments practically worthless for the purposes of this 
paper 

Rats In his earlier experiments Chalatow was unable to produce 
deposits of anisotropic fat in the organs of white rats without the addi- 
tion of phosphorus oi fatty acids to the cholesterol feeding Although 
he then found abundant deposits of anisotropic lipoids m the spleen 
and isotropic fat in the liver and suprarenal glands, he found no changes 
in the arteries In a later series of 24 experiments he obtained 
similai results No aitenal changes were produced even by heavy and 
prolonged feeding of cholesterol except m 1 animal This rat had 
received a total of about 35 Gm of cholesteiol in oil within 414 months 
Fatty acids and phosphorus were also administered in varying quantities. 
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The aorta of this animal showed intimal thickenings in which were 
found deposits of finely divided anisotropic fat, partly contained within 
large phagocytic cells and partly dispersed through an abundant homo- 
geneous intercellular material 

In Kon’s experiments with rats fed various lipoid diets arterial 
changes were completely lacking 

In consideration of the great larity of aiteiial lesions in the experi- 
ments of pievious mvestigatois, Yuasa’s results^®® seem rather surpris- 
ing His rats were given a daily dose of 0 1 Gm of cholesterol m from 
1 to 2 Gm of lard Five of the 9 rats showed slight deposits of aniso- 
tropic fat m their aortas, the eailiest change being found after 96 days 
of feeding The lesions consisted of an accumulation of numerous 
droplets or granules of anisotropic lipoids in the intima and inner layers 
of the media 

In Yuasa’s account of his experiments with lats no refeience was 
made to any observations on the aitenes of control animals Chalatow 
descubed 2 apparentl}'^ normal lats as controls for his 24 experiments 
with cholesterol feeding, etc , but unfortunately he failed to mention 
the condition of the arteries of the control animals I have been unable 
to find any independent information concerning the occunence or fre- 
quency of spontaneous arteriosclerosis in rats In the complete lack 
of such information from any source, and m view of the larity of 
arterial lesions in lats following cholesterol feeding, one is forced to 
exclude these experiments from further consideration 

Goats So far as I am aware, Chalatow’s observations on goats 
fed cholesterol -1 ich diets®* are the only ones recorded m the literature 
In his experiments, 3 goats were fed from 5 to 15 egg yolks daily for 
from 2j4 to 5 months The goat which had been fed for the longest 
tune, which had received the greatest total number of egg yolks and 
in which the blood cholesteiol reached the highest level, showed no lesions 
in the aitenes at the termination of the experiment In 1 of the other 
goats, there was found a single small fleck of fat in the intima of the 
arch of the aorta The aorta of the third goat showed many small 
flecks of fat in the intima, which were grouped mostly about the mouths 
of branching vessels No control obser\ations on the aitenes of 
untreated goats were lecorded by Chalatow, so that there is really no 
evidence to show that the administration of egg yolks was responsible 
for the development of the arterial lesions 

The occurrence of spontaneous arteriosclerosis in goats is well recog- 
nized "® It usually takes the form of a calcification of the media of 
the aorta, but the possibility that hpoid deposits in the intima may occur 
as a spontaneous development has not been excluded, for this possibility 
has apparently not been iinestigated With these facts m view, it is 
obvious that Chalatow’s experiments, though frequently cited, cannot 
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Idc accepted as a denionstiation of tlie abihtv of cholesterol-i icli diets 
to pioduce lesions in the arteries of goats 

Cats Yuasa^®® earned out experiments on 8 cats which he fed 
daily with a mixture containing meat extract, laid and 1 Gm of choles- 
terol The longest experiment lasted 120 days, but m none of the animals 
did he find any alterations in the aiteries 

The experiments of 01110^° weie more protracted He fed 5 cats 
cholesterol and cholesteiol-iich substances for long peiiods of time 
The longest experiment lasted 394 days, dm mg which time the animal 
was given over 300 Gm of cholesteiol and nearly 40 Kg of brain 
tissue Howevei, no arteiial changes weie found in this cat or in any 
of the others 

Dogs The experimental results of Adler ^ have been cited as evi- 
dence that fatty changes in the arteries may follow cholesteiol feeding 
in dogs However, these results cannot be considered as significant, 
for Adler himself in a subsequent publication - stated that he had 
observed, in the interval, similar fatty changes m the arteiies of normal 
untreated dogs He felt that no importance could be attached to his 
earlier observations of fatty striae in the aoitas of dogs which had been 
fed cholesterol 

Tsunoda and Umehara^®’' biiefly repoited their failuie to pioduce 
any changes in the arteries of dogs by feeding them for fiom 1 to 2 
years on large quantities of brain tissue In Kawamma’s experiments 
on dogs the arteries weie found to be noimal aftei the piolonged 
feeding of cholesterol or egg yolks 

Pfleiderer experimented with 3 dogs, each of which was fed 
426 Gm of cholesterol in oil m the course of 496 days The dogs 
were also given considerable quantities of irradiated ergosteiol, but no 
lesions were to be found in their aiteries at the end of the expeiiments 
Anitschkow ® fed a 6 month old dog from 4 to 5 Gm of cholesterol 
in oil daily for 14 months In addition, he produced marked stenosis 
of the common bile duct by means of ligatures and added to the choles- 
teiol intake by administering bile from another dog with a biliaiy fistula 
He also removed both ovaries and the spleen By these combined pro- 
ceduies, the blood cholesteiol content was raised to about twice its 
normal value Nevertheless, no fatty deposits could be demonstiated 
in the aorta or in the valves of the heait 

Foxes Yuasa^®® fed 2 young foxes law meat and laid for 3 
months In addition, 1 of the foxes was given a daily dose of 1 Gm 
of cholesterol dissolved m the ration of lard At the end of the experi- 
ment, however, no lesions were found in the arteiies of eithei fox 

Monkeys The only recorded experiments on monkeys are those 
of Kawamura,'® which seem to be of the utmost importance He used 
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3 monke 3 fS of the species Macacus fuscatiis One was fed 2 egg yolks 
daily for 150 days The other 2 were fed quantities of hydrous wool 
fat One of these received a total of 1,350 Gm of hydrous wool fat 
in 301 days, and the other, 1,650 Gm of the same substance m 303 
days At the termination of the experiments, no changes in the aorta 
could be distinguished in any of the monkeys The liver, spleen and 
bone marrow contained only insignificant amounts of anisotropic lipoids 
or else none at all, while the suprarenal glands contained about the same 
amounts of lipoids as were found in normal control animals 

From the data which have been presented in the foregoing pages, 
the following conclusions may be drawn It seems hi ghly p robable 
thate xperim ental-cholesterol- arteriosclerosis- can -be-producedjn.gu mea- 
pigs by means of p rolonged Jeeding, with cholesterol-rich diets There 
IS no satis factoj 3 ^eg)erimental evidence to, substantiate the "current idra 
that cholestei ol-rich diets can produce lesions m the arteries of pigeons^ 
chickens, parrots, mice, rats or goats All experiments recorded up 
to the present time indicate the inability of intensive and prolonged 
cholesterol feeding to affect in 3113 ' way the arteries of cats, dogs, foxes 
or monkeys 

VI INFLUENCE OF VARIOUS FACTORS ON THE DEVELOPMENT OF 
EXPERIMENTAL CFIOLESTEROL ARTERIOSCLEROSIS 

Under this heading, only the experiments on rabbits and guinea-pigs 
need be considered, for these two species are the only ones in which 
unequivocal cholesterol arteriosclerosis has been produced experi- 
mentally Of the two species, rabbits have been used much more com- 
monly m experiments with cholesterol feeding, and consequentl 3 '’ most 
of the information available for anal 3 '^sis is concerned with experimental 
cholesterol arteriosclerosis in rabbits However, the meager informa- 
tion which has arisen from experiments with guinea-pigs will also be 
presented In addition, references will be made to experimental data 
obtained from the study of othei animals whenevei such information 
appears to be pertinent to the subject or of interest for purposes of 
comparison 

(a) Cholcstci ol in the Did — There is l ittle remaining doubt that the 
feeding of_cliolesterol is one essential procedure' in the experimental 
productiOT of the arterial lesions in rabbits which have been described in 
a previous section of this papei (section IV) The lesions in the arteries 
produced by feeding pure cholesterol not dissolved in oil are indistin- 
guishable from those which follow the administration of cholesterol in 
oil or of diets containing cholesterol-rich foods such as egg 3 mlks Oils 
which have been used as solvents and other neutral fats and fatt 3 ’’ acids 
do not have similar effects in control experiments Wesselkm’s experi- 
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meiits^ indicate that lecithin is not i esponsibl e ” Indeed, arteiial lesions 
of the type in question have been produced in labbits only when the 
administration of cholesteiol oi of substances containing considerable 
amounts of cholesterol was pait of the expeiimental pioceduie This is 
the justification for the application of the term “experimental cholesterol 
arteriosclerosis” to the arteiial lesions undei consideiation Of course, 
the possibilit y still lemains that soi^jiotoi^cmitaminantjif supposedly 
puire cholesterol i^l^o an essential causative oi conti ibutoy’’ factor, and 
th ere ar e good reasons for^_Wie\niig that lipoids aie deposited in the 
arteries only after the lattei have been injuied by the action of an 
unKnown damaging agent Nevertheless, it seems cer tain that cholesterol 
administration is one etiologic factor in the pioduction of the experi- 
ihentd'scrtefialOesionFmlSfifiitT^tliatliFisjhe onl^^ factoi lemains open 
td^'questidn" 

In guinea-pigs, the effect of adding solid cholesterol to the diet has 
not been tried However, arterial lesions have been produced by feed- 
ing cholesterol dissolved in oil,^° and in all other successful experiments 
with guinea-pigs cholesterol-nch diets were employed Thus, it seems 
altogether likely that the etiologic role of cholesterol feeding in the 
development of the fatty arterial lesions is the same in guinea-pigs as in 
rabbits 

In connection with the feeding of cholesterol the analysis can be 
carried a little farther It is obvious that a considerable total quantity 
of cholesterol must be administered (at least from 10 to 20 Gm in the 
rabbit) and that a certain length of time must elapse before any alter- 
ations can be detected in the arteries In general, it is tiue that large 
daily doses of cholesterol produce arterial changes more rapidly than 
do small doses, but the rapidity of the development of the lesions is 
dependent also on the way in which cholesterol is administered How- 
ever, even when cholesterol is given in the most favorable form and 
in large daily doses to rabbits, microscopic changes in the arteries appear 
only after from 25 to 30 days of feeding About twice that length of 
time IS usually necessary for the production of gross lesions The 
importance of the factor of time is illustrated by an experiment of 
McMeans and Klotz They gave a rabbit daily feedings of cholesterol 

(0 178, 179 

(k) Kanocz and Laszlo os claimed that lecithin has an effect antagonistic to 
that of cholesterol The experiments which they offered as a demonstration of 
this effect were carried out on only 4 rabbits, and the results were ruined by the 
chance occurrence of calcified spontaneous lesions of the aorta in the 2 animals 
which had been fed cholesterol without the addition of lecithin The true char- 
acter of these arterial lesions is perfectly obvious from the illustrations in their 
paper, but the authors apparently failed to recognize the spontaneous nature of 
the calcified lesions in the media, and cholesterol feeding was held responsible 
The conclusions drawn on the basis of these experiments cannot be accepted with- 
out verification 
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in the form of an emulsion with sodium oleate, a preparation which they 
found to be even more favorable to the production of arterial lesions 
than solutions of cholesterol in oil The experiment was continued for 
19 days, and although the quantity of cholesterol administered reached 
the large total of 75 Gm , no gross or microscopic fatty deposits could 
be found in the arteries Thus it is clear that the simple administration 
of cholesterol even m a favorable form does not begin to show its effects 
on the arteries of rabbits until at least 20 days have passed So far as 
I am aware, no trace of lipoid deposits in the arteries of rabbits has 
ever been observed within a time less than 20 days from the commence- 
ment of cholesterol feeding Even the production of lipoid deposits 
in less than 25 days is most exceptional, being reported only by Zinser- 
ling This period represents the time necessary when no procedure 
other than cholesterol administration is employed, and it serves as a 
useful criterion in estimating the effects of other procedures which 
may be combined with the administration of cholesterol Beyond this 
minimum limit, the factor of time gradually diminishes in importance, 
and the first appearance or the severity of the lesions comes to depend 
rather on the total quantity of cholesterol and on the way in which it 
IS given 

No matter in what form cholesterol is fed, it seems to be capable 
of producing experimental arteriosclerosis in rabbits eventually, if its 
quantity is sufficient However, some forms of administration bring 
results more quickly than others even when the daily dose of cholesterol 
IS the same The most outstanding diffeience is to be noted between 
the feeding of cholesterol in dry powdered foim and its administration 
in oily solutions or m natural emulsions (e g , egg yolks or hydrous 
wool fat) To illustrate this point the experience of Wacker and 
Hueck may be quoted again They found arterial lesions in their rab- 
bits only after a period of 5 months when about 175 Gm of powdered 
cholesterol had been fed Knack fed a rabbit 382 5 Gm of solid 
cholesterol in 85 days and failed to produce any recognizable lesions m 
the arteries This is in marked contrast with the earlier appearance of 
arterial lesions produced by the feeding of much smaller quantities of 
cholesterol dissolved in oil or contained in egg yolks Knack and 
Sternberg pointed out this difference years ago, and their observation 
has since been reiterated by others, but somejmvestigators still seem to 
be unaware that the feeding of sohd~cfiiol^erons"n5t comparable with 
its administration in oily solutions or in association Avith other lipoids as 
It occurs in the cholesterol-rich foods from natural sources Failure to 
appreciate this fact has led to some anomalous conclusions 

The exact reason for this difference is not entirely clear, but the most 
obvious and simple explanation is that solid cholesterol is not so readily 
absorbed from the alimentary tract as is cholesterol in oily solutions or 
in fatty emulsions The fats not only aid in absorption through their 
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action as solvents but are themselves absorbed and appeal in the blood 
stream with the cholesterol It is believed that they serve to hold the 
cholesterol there by combining with it, partly by the foimation of esters 
and partly in a physico-chemical way '' 

It IS evident that the kind of experimenta l amnial_used, is_ a 
facfoT^ importance Experimental cholesterol arteiioscleiosis can be 
produced"^ rabbits with relative ease, but it is a mattei of greater 
difficulty in guinea-pigs" On the other hand, even the most peisistent 
efforts to produce arterial changes in cats, dogs or monkeys by means 
of cholesterol feeding have met with complete failure These differences 
clearly depend, at least m part, on the facility with wliiclTTIie varlcTus 
animals handle exogenous cholesterol The degiee of susceptibility of 
their arteries to damage probably also plays a role 

^(b) Hypo cholestci cmia — Interest in the chemistry of the blood of 
cholesterol-fed animals has centered naturally in the fluctuations of the 
blood cholesterol and lipoids, and unfortunately other chemical problems 
have been almost completely neglected However, the results of studies 
on the lipoids of the blood are of considerable interest and aie of great 
importance to the purpose of this paper because of the emphasis which 
has been laid on hypercholesteremia as an etiologic factoi both in experi- 
mental and 111 human arteriosclerosis 

The effect of cholesterol feeding on the cholesterol content of the 
blood varies in different species of animals Certain carnivores seem 
to be adequately equipped for the disposal of exogenous cholesterol 
through utilization, storage or excretion Thus, dogs respond to single 
doses of cholesterol dissolved in oil with only a model ate andTfans'ient 
-increaHETnHhe^bloodjdiolesterol content,"^ an increase which is often 
no greater than that which may occur when the same amount of oil 
IS fed without cholesterol ^ The continued feeding of cholesterol seems 
likewise to be incapable of producing any very striking sustained rise 
m the blood cholesterol level Grigaut and L’Huilhei found a 
moderate increase in the cholesterol content of the blood of 2 dogs 
which were receiving daily feedings of cholesterol and butter, but others 
have observed no significant hypercholesteremia under similai condi- 
tions ^ The few investigations of this nature which have been carried 
out in cats"' have given results similar to those obtained in dogs In 
rabbits, on the contr ary, the mechanism for handling exogenous cho- 
lesterol^jind especially for its excretion is notably deficient, so that a 
"q^te enornmisjncrease-in-the cholesterpl^condent of the blood can be 

(v) 74, 161, 164 
(za) 19, 70 

(r) 14, 21, 86, 123, 144 
(v) 14, 86 
(^) 144, 172, 177 
(a) 53, 177 
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produce d by _ the feeding of cholesterol ^ or of egg yolks Similar 
results have been obtained m guinea-pigs 

In rabbits, a course of cholesterol feeding such as is commonly 
employed for the production of arterial lesions usually lesults in a very 
great increase in the blood cholesterol content Values of from 500 to 
1,500 mg per hundred cubic centimeters are not mfiequently reported, 
and Rohrschneidei stated that he had found maximum values rang- 
ing from 25 to 50 times the normal as a regular occurrence in rabbits 
fed for long periods with cholesterol dissolved in oil The highest 
figure which he recorded is 2,584 mg per bundled cubic centimeters 
Such high levels, however, are reached only after cholesterol feeding has 
been continued for some tune With daily feedings of 0 5 Gm of 
cholesterol in oil, a few da}S elapse before the blood cholesterol begins 
to rise significantly, then it increases rapidly so that at the end of 
3 weeks it has risen to 3 or 4 times its original value The rise is 
slightly inegular but continuous, and the high maxima mentioned are 
found after from 3 to 5 months of feeding The blood cholesterol 
then drops gradually in spite of continued feeding but does not return 
nearly to normal All of this concerns the total cholesteiol content of 
the blood Other investigations have shown that the gi eater part of the 
increase is due to a rise m cholesterol esteis, while the augmentation of 
free cholesterol is not so striking® This is the case even when pure 
cholesterol without oil is added to the ordinary diet^®' In addition to 
the hypercholesteremia there is a parallel increase m neutral fats and in 
other lipoids so that a severe lipemia results ^ This shows itself in a 
milky clouding of the plasma which usually appears within 45 days 
after the commencement of feeding,^®* but there may be a considerable 
rise in the total lipoids before distinct clouding becomes visible 


Although it IS probable that hypercholesteremia of extreme degree 
commonly exists in the rabbit during the course of the usual cholesterol 


feeding experiment in which arterial lesions are produced, itjdoes not 
necessarily follow that the hypercholestere mia is responsible lor the 
developmehrdf the *changes_in the arteries The same might be said 
of “the great inciease of total lipoids in the blood Consequently it 
is important to kn ow whether ex perimental ..cholesterol arteriosclerosis 
can~3eWl6pAvlfEourany mcrease^in the blood cholesterol above its nor- 
mal'limit — irseems do ubt ful that this, is„ possible but it is clear that 


Bccessive hypercholesteremia 


IS not necessary 


The lesions in the 
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aiteries may occui m the piesence of a moderate oi even a slight maease 
111 the cholesteiol content of the blood, as is shown by the following 
examples 

Prolonged expeiiments weie cairied out b} Anitschkow ‘ on seveial 
rabbits which he fed very small quantities of egg yolk in milk During 
the experiments a numbei of chemical examinations of the blood 
levealed only a slight mciease in cholesteiol content At the end of 
the feeding period he found definite fatty lesions m the aorta In the 
experiments of Clarkson and Newburgh and of Deicke certain 
rabbits, unlike the majority, failed to show more than a slight hyper- 
cholesteremia following cholesterol feeding, yet typical fatty lesions 
were found in their aiteries Ceitain other labbits showed a well 
marked increase of the blood cholesterol, but no arterial lesions weie 
found in them at the end of the experiments These results led the 
latter investigators to question the view that the development of the 
arterial changes is dependent on hypercholesteremia H owever, it has 
never been ^satisfactorily demonstrated that experimental cholesteiol 
artmosclerosis can develop in the absence of augmentation of the 
cholesterol content of the blood It seems highly probable, and it will 
be assumed hereafter m this paper, that hypercholesteremia of some 
degree is an essential factor in the development of expenmental cho- 
lesterol arteriosclerosis in rabbits 

Now, even if this conclusion is accepted as tiue, the possibility still 
remains that hypercholesteremia is not the only essential factor in the 
development of the arterial lesions of expenmental cholesterol arterio- 
sclerosis It is possible that hypercholesteremia is quite impotent to affect 
the arteries without the concomitant action of other influences Indeed 
evidence is available to suggest that this is actually the case Sei'^eral 
investigators ® have recorded observations which show clearlj'- that 
marked hypercholesteremia ma}' develop duiing prolonged cholesterol 
feeding experiments without producing any changes in the arteiies 
within the expenmental period, which w'as greatei than 3 months in 
a number of instances This point, though not frequently remarked 
on, IS emphasized by Clarkson and Newburgh and by Deicke If 
the experiments had been continued for a longer time, arterial lesions 
probably would have appeared eventually, but the fact remains that at 
the termination of the experiments marked hypercholesteremia was 
present and piobably had been present foi a considerable period of time 
and yet no lesions whatevei were found in the arteiies This suggest s 
t hat_hypercholesterem ia oiatselLismotaoJel-juLesponsiblo-for-the. develop- 
meii^qfjexperimental-cholesteiol artci losclei osis in i abb its , Some„addix 
tion^f actor is . probably-necessar-j 


(fir) 36, 38, 116a, 158, 159, 167 
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In brief, it seems probable that hypercholesteremia can exist without 
the development of experimental cholesterol arteriosclerosis, but the 
latter cannot develop without the existence of hypei cholesteremia 

(c) Piotem m the Diet — There is a geneial impiession that the 
feeding of protein, especially animal protein, with cholesterol enhances 
the eftect of the latter m producing arterial lesions** This idea was 
based originally on calculations and comparisons of the cholesterol and 
protein contents of diets used by different investigators to produce 
arterial lesions in labbits Although the impression may be correct, 
there is still hardly any diiect expeiimental evidence to support it 
Lowenthal’s experiments on mice are usually quoted in this connec- 
tion but, as I have pointed out, there are certain objections to these 
and other experiments on mice which rendei them far from convincing 

Newburgh and Clarkson^*® pioduced fatt}'- lesions in the arteries of 
labbits bj' feeding them diets which contained a rather large pioportion 
of meat, and they concluded that the protein was responsible In a 
subsequent publication thej'^ reported that the feeding of the meat 
diet resulted in an increase in blood cholesterol, but that the amount 
of cholesterol contained in the diet, when fed alone, was insufficient to 
cause arterial lesions oi even to raise the blood cholesterol level They 
thought, therefoie, that the elevation of the blood cholesterol le\el in the 
rabbits on the meat diet must have been due to a metabolic disturbance 
produced by the excess of protein, and that it was not related to the 
cholesterol content of the meat Unfortunately, these conclusions are 
invalidated by the fact that these imestigators in their experiments 
with the feeding of pure cholesterol administered it in the foim of a 
dry powder so that it probably was not absorbed nearlj’’ so completely 
as was Its equivalent in the meat diet Other lipoids were undoubtedly 
present in the latter to facilitate the absorption of cholesterol The 
two series of expeiiments are theiefore hardly comparable It is onl)^ 
fair to say, however, that the daily dose of cholesterol calculated to be 
equivalent to that contained in the meat diet was so small that one cannot 
feel ceitam that it would have produced arterial lesions bj'^ itself even 
if It had been administered in a favorable form Nevertheless, the 
expeiiments as presented do not provide an unassailable demonstration 
of the ability of protein to aggraA'ate the effects of cholesterol feeding, 
and they ceitamly do not prove that the protein in the meat diet was 
solely responsible for the dexelopment of the lesions in the arteries 
The diiect experiment of feeding a diet rich in proteins and free from 
cholesterol was not carried out 

In connection with The effect of protein administration, Deicke’s 
experiments are of interest, but the> are no more than suggestive 
He studied the fluctuations of the blood cholesteiol of labbits following 
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intiavenous injections of colloidal solutions of cholesteiol in watei He 
found the greatest elevations of blood cholesterol following injections 
of a sol which contained a protein oi piotein-hke substance in addition 
to cholesterol He believed that the protein aided in holding the cho- 
lesteiol in the blood stream He was unable to produce any vasculai 
lesions by means of pai enteral injections, hut he used the infoimation 
gamed to explain the lesults of his feeding experiments in which he 
had found more pionounced alteiations in the arteiies following the 
administration of liver diets than after feeding pure cholesterol m oil 
No conclusions can he drawn fiom the evidence at hand as to the 
ettect of piotem in the diet The idea that the feeding of piotein in 
conjunction with cholesteiol pioniotes the development of experimental 
cholesterol arteriosclerosis remains to be substantiated by clearcut expeii- 
mental evidence I know of no data to in dicate that the admimstiation 
of sterol-free protein„diets .can -produce ai ten al lesions similar to those 
'of"e5cpenmental cholesterol arteriosclerosis 

(d) Blood Piessuie — The question of the influence of possible 
fluctuations in the blood piessuie of labbits during cholesteiol feeding 
experiments was first laised b}’- a an Leersum and Fahr in 1912 
Latei it was taken up by Schmidtmann,' who reported a model ate use 
of the blood pressure m some of her rabbits duiing the feeding of diets 
containing liver She concluded that the cholesteiol content of the liver 
diet was responsible Deicke and Westphal obtained similai results 
111 labbits fed with pure cholesteiol Howevei, in none of these senes 
of experiments did the rise m blood pressure occur in all of the rabbits, 
and It appears doubtful that the fluctuations obseived were really outside 
noimal limits^ On the othei hand, several mvestigatoi s ' have lejiorted 
that obseivations of the blood piessuie at fiequent inteivals levealed 
noimal values during cholesteiol feeding expeiiments in which severe 
aoi tic lesions were produced Tholldte used Schmidtmann’s method 
for the determination of blood pressuie, and although he pioduced well 
maiked changes m the arteiies of his rabbits by feeding them cholesterol 
in oil, their blood piessuies lemamed within physiologic limits thiough- 
out the expeiiments He was also able to show that the repeated passage 
of a stomach tube, which had been suggested as an additional cause of 
mciease in blood pressuie, is without perceptible effect One possible 
mechanism by which a rise of blood piessure might conceivably be pro- 
duced is excluded by the work of Okuneff,“^ who showed that the 
function of the depressor neives leading from the aortic arch is not 

(i) 132, 133 

(;) Compare 41, 42, 98 
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abolished or in an} way disturbed by the presence of well developed 
lesions in the aoita 

It I S a safe conclusion th at a use of blood pres sure is not necessaiy 
for the development of^experinTentai.cholesterol aiterioscleTosi's~in 1^- 
bits It'is'hbt at all certain that the increases m blood piessuie which 
have been obseived are outside the normal range Fuitheimore, it has 
not been demonstrated that a significant rise of the blood piessure can 
hasten the development of experimental cholesteiol arteiioscleiosis oi 
mciease its seventy 

Theie are recorded in the literature a few experiments puipoit- 
ing to show that inci eased blood pressure can acceleiate the develop- 
ment of expel imental cholesterol arteriosclerosis Starokadomsky and 
Ssobolew and Anitschkow ® used the suspension method of Klotz ~- 
( suspension of the animal by the hindlegs for from 3 to 15 minutes 
daily) in conjunction with cholesteiol feeding They found fatty 
deposits 111 the arteries of their rabbits peihaps a little earliei than when 
cholesteiol was fed without any other tieatment Anitschkow® also 
found that narrowing of the abdominal aorta by means of a ligature 
slightly accelerated the development of fatty lesions above the con- 
stiicted point Moehlig* has reported that daily injections of solution 
of pituitary increase the severity of the vascular lesions pioduced in 
rabbits by cholesterol feeding On the other hand, Bailey found that 
neither suspension nor injections of solution of pituitai} had any effect 
on the development of arterial lesions in cholesteiol-fed guinea-pigs 

It seems unlikely that any of these experimental proceduies could 
have produced a sustained rise of blood pressure Even the extent of 
the assumed fluctuations of blood pressuie with each repetition of the 
treatment is a mattei for conjectuie since no blood pressure determi- 
nations were made in any of the experiments Thus, it is impossible 
to sa} exactly what might have been responsible for the rathei doubtful 
acceleration of the rate of development of the lesions in the arteries 
In some instances the upsets in the circulatoiy mechanism may have 
been severe enough to amount to actual trauma In any ei ent.- these 
experiments fall fai short of^jnonstrating-cleaily-that-ineieased-blood 
pressure carTTiasten flie developmait_. of_£xperimental choEsteioI 
arteriosclerosis " 

~~(e) Reficulo-Endothelia! and Endocrine Systems — The pioduction 
of expel imental cholesterol arteriosclerosis in rabbits has been found 
to be facilitated by splenectomy ™ and by preliminary intravenous injec- 
tions of India ink which were ei roneously supposed to “block” the 
reticulo-endothelial system These lesults might be expected in Aiew 
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of the fact that in cholesterol-fed rabbits lipoids accumulate in large 
quantities in the leticulo-endothehal cells Consequently, a reduction 
ot the functional capacity of the leticulo-endothehal system might well 
accentuate the effects of cholesterol feeding 

Seveial investigators" ha\e reported that castration piomotes the 
development of expeiimental cholesterol arteiioscleiosis in rabbits 
Subtotal supraienalectomy does not alter then susceptibility to the 
development of vascular lesions following the feeding of hydious wool 
fat " The contradictory results of Moehhg >’ and Bailey regarding 
the effects of injections of solution of pituitary were mentioned in the 
discussion of the influence of fluctuations m blood pressure 

T he m ost pronounced effects^ attributable, to„ endocrine influenc|es jire 
those w hich follow-interference with thyroid function Extirpation of 
the thyroid gland has been found to facilitate the developme nt prexp eri- 
mental-clTOfetefol artef ioscl^osi s in rabbits, Ewhile^the feedj^ng of, dried 
thyroid ^and ’’ or of thyroid extract®" in con junctio n wit h clrolesterol 
iefards'‘tlie progress of thejesions Thyroxine seems to he less effective 
m~this respect than whole thyroid gland Thyioidectomy has little 
effect on the blood cholesteiol curve m cholesterol-fed rabbits,® but 
when thyroid preparations are administered with cholesterol to normal 
1 a blyiTs7~the 'm~esulhngTh3^erxholester^niia~ls Tniich less extreme than 
that which occurs in control animals fed cholesterol alone This latter 
fact' "suggests that the administration of thyroid pieparations in some 
manner assists the organism m disposing of exogenous cholesteiol and 
in this way exerts its protective action against the effects of cholesteiol 
feeding which would otherwise follow 

A number of recent investigations " have demonstrated that the 
administration of large doses of certain organic iodine compounds or of 
potassium iodide retards oi even prevents the development of experi- 
mental cholesterol arteriosclerosis in rabbits It has been sh ow n fui the_i 
that the administration of potassium iodide greatly diminishes the hypei- 
ch'olesteferma which usually follows cholesterol feeding ' The analogy to 
the effect of feeding thyroid gland immediately suggests the possibility 
that the iodine compounds act through an influence on thyroid activity 
The experiments of Turner and Khayat indicate that this is actually 
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the case, for the} found that the proph}dactic effect of potassium iodide 
IS abolished by thyi oidectomy ' ^ 

(/) to the Aiteues — It was mentioned in desciibing the 

microscopic features of experimental cholesterol artenoscleiosis in rab- 
bits (section IV b) that certain definite alteiations occur at the sites of 
fatty deposits piior to the appearance of lipoids in those aieas The 
alterations in the intima are inconspicuous, but those in the media can 
hardly be overlooked and are of such a nature as to be identified as the 
result of some sort of injury The fact that these changes precede the 
appeal ance of stainable fat is in itself suggestive of a causal relationship 
It seems not unlikely that these piehminary changes are responsible for 
the subsequent accumulation of lipoids in the areas so alteied It is 
even possible that these preliminaiy alterations may be indispensable to 
the process of lipoid accumulation, and evidence in support of this 
possibility is forthcoming fiom the experiments to be desciibed in 
subsequent paragraphs However, before these expeiiments are con- 
sidered, certain time relationships should be called to mind 

In discussing the role of cholesterol in the diet, it has been empha- 
sized that a certain minimum period of time must elapse before fatty 
deposits will make their appearance in the arteries of animals subj 
jected to the administration of cholesteiol, even though large doses are 
employed In rabbits, lipoid deposits in the arteries have never been 
produced, so fai as I am aware, within less than 20 days from the 
commencement of experiments which involved no procedure other than 
the feeding of a cholesterol-rich diet This lapse of time might con- 
ceivably depend on a necessity for building up a sufficient concentration 
of cholesterol in the blood stream, but the cholesterol content of the 
blood rises markedly shortly after the commencement of feeding, and 
before stainable fat appears in the arterial walls, it has usually reached 
a value of 3 or 4 times the normal, a degree of hypercholesteremia 
which IS known to be much greater than is essential for the development 
of hpoid deposits in the walls of the arteries On the other hand, it 
may be supposed that the delay in the appearance of lipoids in the 
arterial walls is due to a necessity foi the piior development of the altei- 
ations m the walls of the vessels mentioned in the preceding paiagraph 
The latter idea gams support from the fact that experimental injury to 
the arteries of cholesterol-fed rabbits makes possible the accumulation 

The recent experiments of Rosenthal (Arch Path 18 827, 1934), com- 
bining the administration of cholesterol and that of relatively small doses of iodides 
in rabbits, yielded results which are quite the opposite of those obtained with 
massive doses of iodine compounds as outlined Histologic examinations of the 
tlwroid glands m his animals indicated that the much smaller doses of iodides 
had decreased thjroid activity This effect on the thvroid, presumably the reverse 
of that produced vv'ith large doses of iodides, was held responsible for the apparent 
discrepancy in tJic experimental results 
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of staiiiable fat in the injured areas in much less than 20 days, or, if 
the experiment is of longer duration, it permits a much more abundant 
deposit of lipoids m the damaged regions than m the lemammg parts 
of the arterial tree 

Ssolowjew cairied out a senes of cholesterol feeding expeiiments 
on rabbits m which the carotid aitery and aorta were damaged in small 
areas by cauterization of the adventitial surface When cauterization 
was performed at the commencement of the feeding oi after it had been 
m progress foi some time, abundant hpoid mateiial was found in the 
injured parts of the media as a diffuse deposit of fine fatty droplets 
This was the case even within 9 days after cauterization, when cho- 
lesterol feeding had been earned on for some time previously The 
same observation was made at the end of 14 days after a cauterization 
which was performed coincidentally with the commencement of the 
cholesterol feeding In this case no tiace of a hpoid deposit was found 
elsewhere in the arteries 

In a later senes of experiments,^*® Ssolowjew found that similar 
results followed injuries produced m a different wa}' Rabbits were 
prepared by an operation in which the carotid artery was dissected free 
and brought out to a position just beneath the skm It was found that 
this procedure with or without subsequent massage of the artery pro- 
duced tiny transverse tears in the inner part of the wall of the vessel 
When animals prepared in this way were fed with cholesterol in oil, the 
injured areas m the carotid artery, if not completel}’' healed, became 
impregnated with lipoids, while the adjacent normal parts of the vessel 
remained free from stainable fat The fatty material was deposited m 
1 elation to the intercellular ground substance in the damaged parts of 
the media, and fat was also contained m scattered phagocytic cells In 
one other experiment m which cholesterol feeding had been started 
some time before operation, the manipulated carotid aitery showed 
hpoid accumulations in the injured areas at the end of only 4 days 
from the time of operation, although the opposite carotid artery which 
had been left undisturbed showed no hpoid deposits 

Perhaps at this point a less artificial type of local injury may be 
brought into consideration for its localizing and accelerating effect on 
the accumulation of lipoids m the walls of arteries Such Injured areas 
are conveniently furnished by the occurrence of the common medial 
variety of spontaneous lesion in the aortas of rabbits As has been men- 
tioned, these areas of necrosis and calcification in the media are always 
characterized by an almost complete absence of stainable fat Howei ei , 
when cholesterol feeding is instituted, the injured areas, excepting their 
calcified parts, rapidly become impregnated with an abundant deposit 
of fine fatty droplets or granules Thus, in one of my own experi- 
ments.*® a spontaneous medial lesion in the aorta of a rabbit showed a 
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dififuse deposit of fine anisotiopic lipoid granules at the end of 14 days 
of cholesterol feeding Another animal showed a most abundant deposit 
of amsotropic fatty mateiial in a similar medial lesion after only 
25 days of feeding In neithei of these animals was there any trace 
of hpoid deposit in the lemaining paits of the aiteries With a diet 
similar to that used in these rabbits, the earliest fatty deposit appealed 
m an otherwise normal aorta only after 38 days After protracted 
feeding of cholesterol in rabbits, an area of spontaneous medial necrosis 
IS marked out even m the gross by a fat-laden circulai thickening of 
the mtima, which micioscopically shows the features characteristic of the 
intimal lesions of experimental cholesterol aiteiioscleiosis The injured 
media beneath shows dense lipoid infiltration 

All of thes^ ^periments demonstrate clearly that the damaged tis- 
sue, especially the altered intercellular ground substance, in injured 
aieas in the* walls of arteries has a marked predilection foi the accumu- 
lation of lipoids The injuied tissues become infiltrated with lipoids m 
a much shortei tune than is necessai}'’ for the derelopment of a similai 
infiltration m a pieviously undamaged \essel Furtheimore, it is clear 
that hypercholesteremia (togethei with any othei necessary'" changes m 
the blood) of sufficient degree to permit the deposition of lipoids in the 
arteiial walls can exist without the development of any lipoid deposits 
in normal parts of the arteiies Under such conditions at least, injury 
to the wall of the vessel proves to be an indispensable factor without 
■which lipoid deposits cannot or do not occur 

The arteries of rabbits can be injured also by' injections of a variety 
of substances, and this means may be employed foi the purpose of study- 
ing the effects of injury' on the development of expeiimental cholesterol 
arteriosclerosis Intravenous injections of epinephrine and nicotine 
have been used m~~tlii s waW^ Either epiriepwihF*'oT'*nIcotiiie"'alone 
can produce severe lesions m the rabbit’s aoita simulating veiy 
closely those which follow the administration of barium chloride, 
hydrastme, digitahn, diphtheiia toxin, etc^ The exact way m which the 
injury is produced is still uncertain, but it seems piobable that these 
substances act more or less directly on the artenes rather than through 
an effect on the blood pressure'' The indst conspicuou s features of 
the lesions in the aorta are necrosis and subsequent calcificatmn of the 
media Cliangesln fife overlying intima are relatively slight but definite, 
consisting of a swelling of the subendothehal ground substance and 
sometimes fray'ing of the internal elastic lamina. Intimal proliferation 
may' occur in more advanced lesions, but throughout the process there is 
an almost complete absence of stainable fat in both the intima and the 
media 
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When injury of t his soit is combined ^Mth ch olesteiol feeding in 
1 ahhffrTHe~iEcun^^ of ^^'^^sotropic^ioici ^^^^ walls of tli^ aorta 
is“’considS^abi^ acceleiated, as has lieen slibwn by Anitschkow ' and 
Danisch"®' In then experiments, in which epinephrine and nicotine 
were the damaging agents employed lipoid deposits were constantly 
associated with the lesions caused by the epinephrine or the nicotine 
The lipoid deposits were found m the neciotic paits of the media and 
in the swgUen_subendothehal layer of the intima over the medial lesions 
The administration of large doses of irradiated^rgosterol (viosterol, 
vigantoiyalsoTs'capable of inj uring the aortas of rabbits, producing 
legions ^almost identical with those which follow repeated injections of 
epinephrine This fact was first demonstiated by Kreitmair and Moll 
inT92S, and then observation has since been confirmed by many otheis 
Schmidtmann found that the administration of vigantol m con- 
junction with cholesterol feeding piomoted the development of experi- 
mental cholesteiol arteiiosclerosis in rabbits Her observations were 
confirmed by Pfleiderer m a more extensn e study In his experi- 
ments, the most abundant deposits of lipoids m the walls of the arteiies 
were always found in association with the easily lecognizable vigantol 
lesions, the seventy of which seemed to govern the abundance of the 
hpoid accumulations Pfleiderer concluded that the arterial injury pro- 
duced by the vigantol had caused a greatly increased predilection for the 
accumulation of lipoids in the aiteiial walls 

Harrison’s experiments with the combined administration of 
viosterol and cholesterol weie arranged somewhat differently and the 
results demanded a somewhat different interpretation His r abbits were 
gi ven a pr eliminary course of viosteiol and calcium lactate by mouth 
This treatment pioduced densely calcified localized lesions in the media 
of the'^rta The administration of viosteiol was discontinued, and 
after an interval of ten days a prolonged course of cholesterol feeding 
was instituted At the termination of the experiments, the old calcified 
viosterol lesions showed no iipoid deposits except around their margins, 
in the parts of the aortic wall immediately adjacent, where the typical 
fatty lesions attributable to cholesterol feeding were constantly located 
The explanation offered for this peculiar localization seems plausible 
Harrison argued that the vessel wall at the margins of the rigid calcified 
plaques must have been subjected continually during life to mechanical 
distortion occasioned by the systolic distention and diastolic recoil of 
the aorta He concluded that these excessive movements within the vessel 
wall were responsible for the localization of the cholesterol lesions in 
these areas It may be thought that this explanation necessitates the 
lecogmtion of a mechanical factor as a predisposing and localizing 
influence quite distinct from other forms of injury to the walls of 
arteries However, Harrison’s conclusion really implies only this, that 
sufficiently violent mechanical distortion of the aiterial wall can produce 
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a local injury which is adequate to deteimine the localization of experi- 
mental cholesteiol aiteiioscleiosis 

Theie is some evidence to indicate that bacteiial infections may also 
have an influence m piomotmg the development of experimental “cho- 
lesteiol arterioscleiosis m rabbits Saltykow carried out a large num- 
bei of experiments on rabbits which were fed on milk and bread and 
which, in addition, were subjected to intravenous injections of old 
cultures of staphylococci The cholesterol content of milk is not high, 
but the experiments extended over ~j^riods~’irp~to“2'yeais, “so “that the 
animals piobably received a laige quantity of cholesterol in that time^-® 
Saltykow believed that the typical fatt}'^ arterial lesions which he pro- 
duced were caused pnmaiily by the cholesterol contained in the milk 
but he concluded that the injections of staphjdococci had a definite eftect 
m accelerating their development and increasing their seventy This 
conclusion is suppoited by the lecent lesults of Benson, Smith and 
Semenov-* These mvestigatois fed a group of rabbits with cholesterol 
for 9 months, the total quantit}’^ fed averaging 65 Gm for each animal 
No aiterial lesions weie found in this group, evidently because the 
cholesterol was administered as a dry powder mixed with oatmeal and 
was therefore piobably not absorbed m sufficient quantity to pioduce 
lesions b)'^ itself However, the same daily dose of cholesterol given in 
the same way to anothei group of labbits from the same litters as the 
first pioduced typical fatty lesions of the mtima m a large proportion 
of the labbits within 7 months when the cholesterol feeding was accom- 
panied b)’’ intiavenous injections of streptococci The animals received 
a total quantity of cholesterol averaging only 46 Gm for each Injec- 
tions of stieptococci alone did not produce similar lesions, but frequently 
did lesult in visible injury to the arteries in the form of an acute 
arteiitis 

The expeiimental results which have been quoted in the preceding 
pages aie m agreement in showing that the develojiment of experimental 
cholesterol arteriosclerosis m rabbits is facilitated by the introduction 
of various noxious agents which have in common the ability to injure 
the arteiial walls as demonstrated m control experiments 

It seems evident that the alteiations in the walls of the vessels atten- 
dant on the injury were responsible foi the more rapid development of the 
hpoid deposits, since the latter were found constantly m association with 
whatever visible lesions weie present in the arteiial walls For example, 
m the experiments with epinephrine and nicotine, the fatt}’’ deposits m 
the Ultima and media occuiied especially in those parts of the aorta 
which showed the characteristic epinephrine or nicotine lesions How- 
ever, the changes in the intiina in such areas up to the time of the earliest 
appearance of hpoid deposits theie, were not more marked than those 
which have been described as occurring in the early stages of the lesions 
which result from cholesterol feeding alone, namely, a swelling of the 



DUFF—CHOLES 1 EROL ARTERIOSCLEROSIS 


121 


subendothehal giound substance and sometimes fiaying of the internal 
elastic lamina Thus, the fact that histologic changes in the intima 
prior to the advent of hpoid deposits aie not striking and conspicuous 
does not preclude the possibility that they represent the result of definite 
injuiy whethei a known damaging agent has been administeied oi not 
The results of all lecoided experiments which beai on the question 
of the'influen^~o'f 'injUiy t o t he aiteiies aie in agreement _They indi- 
cate That mjimy, however produced, will facilitate the development of 
lipoiH”deposits jn the arteries of fabbits”fed'clTblesp'rq]=iich''diets Injury 
to The arteries in conjunction with cholesterol feeding is able to bring 
about a much earliei initiation of the process of lipoid deposition than 
evei occurs following cholesterol feeding alone It has been showm 
that the general conditions in the blood may lie suitable foi the develop- 
ment of lipoid deposits without the occunence of any such deposits m 
normal parts of the arteries Lipoid deposits occur especially in relation 
to the altered intercellulai ground substance m injuied portions of the 
w^alls of the vessels, and they develop much moie rapidly m such aieas 
than in pieviously undamaged parts of the arteiies How^evei m the 
Ultima of the ra bbit’s aoita the changes found at the time of the earliest 
"Tppeaiance of lipoid deposits aie the same in kind and 'degree whethei 
cholesteroTTias"been administeied w'lth or without an additional agent 
wdiich' IS known to be injurious'to the fabb'it’s"'’frrteries- and- which 
acceleiates the deposition of lipoids in the arteiial walls 

Correlation of all of these facts can be accomplished onlv by assum- 
ing that lipoid deposits m the arteries are always pieceded by pielimi- 
narj local alterations m the walls of the vessels which are indispensable 
to the foimation of the lipoid accumulations, and which therefore consti- 
tute the initial stage of the development of experimental cholesterol 
artel losclerosis Moi cover, it seems highly jiiobable that these primary 
local changes in the aiteiial walls lepiesent the lesiilt of some soit of 
mjuiy 1 hese conclusions aie stiongly suggested by the evidence at 
hand, and they aie confirmed by othei consi delations to be discussed in a 
subsequent part of this papei (section VIII) I have already pointed 
out the piobability that hypercholesteremia of itself is not solely lespon- 
sible for the development of experimental cholesteiol aiterioscleiosis, 
and that some other factoi is also necessary On the basis of the evi - 
den ce adduced here, i t seems highly probable that some Jonn_oT- injuiy 
the arteria l walls is the second essential factoi \\dnch'‘bi^rates m" con- 
junction withTiypercholesteremia m the^production of expeumental 
cholestelror arteriosclerosis m^iabbits " ' - - 

VII SUMMARY OF IMPORTANT EXPERIMENTAL DATA 

Lipoid accumulations m various oigans and fatty lesions of the 
arteiies can be produced m labbits by feeding diets which have a con- 
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siderable content of cholesterol The geneial distiibution of the arterial 
lesions has been indicated, and the aortic lesions have been described in 
detail in section IV of this paper The individual lesions are disci ete 
and have a yellowish color due to the lipoids which accumulate in them 
The li poid .. deposits -aie usually to be found fiist in the intima in the 
form of minute fatt\ dioplets lying m the subendothehal giound sub- 
stance, w hich has pie yiously assumed a greatly swollen appearance The 
earliest lipoid accumulations sometime s occui in the inner la}ers of the 
media lyhepe _ focal areas of muscle neciosis appear, and subsequently 
becoine impregnated with lipoids Ho wever, the m ediaLJesions aie 
usu ally ass~ocia tecl wijji corresponding changes in the overlying intima 
Much of the fatty material, whether m the intima oi in the media, is 
amsotiopic Soon after the advent of lipoids in the intima, laige fat- 
containing phagocytic cells (“foam cells”) and fibroblasts appear m 
varying numbers, producing an inci easing thickening of the intima The 
lesions in the media may become extensive through progressive destruc- 
tion of muscle and elastic tissue followed by lipoid impiegnation of the 
neciotic areas If cholesterol is withdrawn from the diet, well developed 
lesions 111 the intima take on a more fibrous character, and the lipoids 
gradualiyclimmish I'n abundance These lesions of “experimental cho- 
lesterol arteriosclerosis” are not dependent on spontaneous disease of the 
arteiies for their development 

The feeding of cholesterol-rich diets piobabh can produce similai 
lesions 111 the aiteries of guinea-pigs, and the development of these 
lesions, too, is thought to be independent of spontaneous arteiial disease 
The lesions found m the arteries of pigeons, chickens parrots, mice, 
rats and goats following cholesterol feeding do not occur with any 
constancy, and they cannot be freed fioiii a strong suspicion of spon- 
taneity They aie therefore excluded from further consideration All 
attempts to produce lesions m the arteries of cats, dogs, foxes and 
monkeys b}’^ feeding cholesterol-rich diets have been entirely without 
success 

In rabbits, expefimental cholesteiol aitenoscleiosis can be pioduced 
b} feeding solid cholesterol , it has never been produced with the feeding 
of an) other hpoid oi with sterol-free diets It is concluded^ therefoie, 
that cholesterol feeding is an essential factor in the production of the 
arteiial lesions Howe^er, the concomitant feeding of imitra l f ats and 
othei lipoids greatly~irccelerafes~the developihent of experimen^tal cho- 
lesterdl'^rtendscleiosis- and "hence is an important factor The factor 
of tinie' Is "also c)f importance since even microscopic fatty deposits m 
the arteries ha^e ne^er been produced m less than 20 days by feeding 
cholesterol-rich diets and usually a considerably longer time is required 

During the course of most experiments with cholesterol feeding m 
w Inch lesions m the arteries are produced marked hypercholesteremia 
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occurs, but the severity of the arterial lesions does not run stiictly 
parallel with the elevation of the level of the blood cholesterol Indeed, 
well marked hypercholesteremia can develop following cholesterol feed- 
ing without producing any lesions m the arteiies On the other hand, 
experimental cholesterol aiteiiosclerosis may appeal m the piesence of 
a relatively slight increase in the cholesterol content of the blood How- 
evei, It has not been demonstiated that the chaiacteiistic arterial lesions 
can be produced without any elevation of the blood cholesteiol above 
Its normal level It is assumed, therefoie, that some degree of hyper- 
cholesteremia IS an essential factor in the development of expeiimental 
cholesterol arteriosclerosis in rabbits The hypercholesteremia which 
follows cholesterol feeding is accompanied by a coiiesponding elevation 
of other lipoids in the blood, a rough index of which is given by the 
increase in its cholesteiol content The total result is hyperlipemia i e , 
an increase of all the blood lipoids above then noimal limits 

At present there is no satisfkctoiy evidence to substantiate the idea 
that the feeding of piotem m conjunction with cholesterol facilitates the 
development of experimental cholesterol artenoscleiosis 

Experimental cholesterol arteriosclerosis can develop in i abbits with- 
out any use of the blood pressure beyond the noimal limit Furthei- 
more, there is no good evidence to show that an increase of the blood 
piessure can affect the progress of the lesions in the arteries 

Splenectomy, castiation and thyroidectomy aie said to acceleiate the 
development of experimental cholesteiol artenoscleiosis in rabbits The 
administration of dried thyroid gland or of other thyroid preparations 
letards the progress of the arterial lesions The administration of 
potassium iodide and of certain organic iodine compounds has a similar 
effect, but this is abolished by thyroidectomy 

If the feeding of cholesteiol-iich diets is combined with some othei 
pioceduie which is known to injure the arteries, the development of 
expeiimental cholesterol aiteriosclerosis is greatly accelerated This is 
true of all forms of injury which have been employed Deposits of 
anisotropic lipoids occur especially in relation to the altered inter- 
cellulai ground substance in the injured portions of the wall of the 
vessel, and they develop much more rapidly in these areas than in previ- 
ously undamaged parts of the artery Such injured areas can become 
impregnated with lipoids during a peiiod in which no lipoid deposition 
has occuried in the lemaining normal parts of the wall of the vessel It 
seems highly probable that some form of injury to the arteiial walls 
is the second essential factor which opeiates in conjunction with hypei- 
cholestei emia in the production of expeiimental cholesterol aiterio- 
sclerosis in rabbits 

[The bibliography will be found at end of the last instalment, in the 
August issue ] 


{To he concluded') 



Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
etc — Marcos Fernan-Nunez, professor of pathology and bacteriology in Marquette 
University, Milwaukee, has been elected a member of the National Academy of 
Medicine of Spam 

According to Science, Simon Flexner, director of the laboratories of the Rocke- 
feller Institute for Medical Research since the opening of the institute m 1903, 
has presented his resignation, to take effect on the appointment of his successor 
On the retirement of Milton J Rosenau from actne teaching as professor of 
preventive medicine and hygiene in the Harvard University Medical School, his 
portrait by Jacob Binder has been presented to the school bv his colleagues 
The Lister Medal for 1936, which is awarded m recognition of distinguished 
contribution to surgical science, has been granted to Sir Robert Muir, professor 
of pathology in the University of Glasgow 

Perry J Melnick, formerly chief resident pathologist m the Cook County Hos- 
pital, Chicago, has accepted the position of pathologist in the Decatur and iMacon 
County Hospital, Decatur, 111 

Howard W Florey, professor of patholog\ of the University of Sheffield, has 
been appointed professor of pathology at the University of Oxford 

At the London Hospital William Bulloch has resigned from the Goldsmiths’ 
Company’s chair of bacteriology and has been succeeded by S P Bedson 

Nine fellowships in medicine, including two renewals, for study m the United 
States and abroad during the year 1935-1936 were awarded at the spring meeting 
of the Medical Fellowship Board of the National Research Council in Wash- 
ington, D C The successful candidates are Oscar E Block Jr, Berry Campbell, 
Jack M Curtis (renewal), Windsor C Cutting, Samuel Gunn, Robert E John- 
son, Benjamin F Miller (renewal), E Bvron Riegel, Morris F Shaffer 

Society News — The fifth annual convention of the Biological Photographic 
Association will be held at the Stevens Hotel, Chicago, on September 12, 13 and 14 
Further details and copies of the program mav be had bv writing Ralph P Greer, 
chairman of the program committee. Box 266, Hines, 111 



Abstracts from Current Literature 


Experimental Pathology and Pathologic Physiology 

The Correlation of Mineral Mitabolism and the Vegftative Nervous S\s- 

TEM IN Thtroid DISEASE Jacob Klein, Ann Int Med 8 798, 1935 

On the assumption that in thyrotoxic conditions there is a negative calcium 
balance that may explain the alterations in tone of the vegetative nervous system 
Klein studied the thyroids of fifty rats under varying dosages of iodine, calcium 
and epinephrine Noting the parallelism between the iodine content and the size 
of the follicles, he took the average measurement of 100 follicles as the "follicular 
index” Normal rats had a follicular index of 251 microns, those with a diet 
deficient m iodine, 48 microns, those given a diet deficient in iodine plus a daily 
stimulation with epinephrine, 187 microns, those receiving 3 per cent calcium in 
addition to the lodine-deficient diet and epinephrine, 211 microns It is concluded 
(1) that a dietary deficiency of iodine causes atrophy of the thyroid follicles and 
loss of colloid, (2) that stimulation of the sympathetic nerves with epinephrine 
in the presence of a deficiency of iodine causes hyperactivity of the thyroid 
epithelium, and (3) that administration of calcium promotes storage of colloid 
and neutralizes the harmful effects of the stimulation of the sympathetic ner\es 

Frank R Mlnne 

The Effect of Sodium Salts in Sustaining the Suprarenalectomized Dog 

G A Harrop et al , J Exper Med 61 839, 1935 

A group of experiments is reported in which bilaterally adrenalectomized adult 
male dogs were maintained in apparently normal condition over prolonged periods, 
up to five months, without use of any adrenal gland preparation or extract bv 
administration of sodium chloride and sodium bicarbonate alone Withdrawal of 
the salts produced typical adrenal insufficiency Further evidence is presented in 
these experiments in support of the view that the adrenal cortical hormone in the 
adult male dog is concerned with the regulation of sodium excretion by the kidney 
and thus eventually with the proper maintenance of water balante in the organism 
It has no direct influence on carbohydrate metabolism The reciprocal changes in 
the plasma concentrations of urea and potassium which take place as the concen- 
trations of plasma sodium and chlorides vary are pointed out as furnishing a 
mechanism whereby abrupt alterations in osmotic pressure are dampened and the 
volumes of fluids in extracellular and intracellular compartments more efficiently 
stabilized From the Authors’ Summarv 

Histologic Changes in the Kidnevs of Adrenali ctomizi d Rats S L Simp- 
son and V Korenchevsky, J Path K Bact 40 483, 1935 

In adrenalectomized rats degeneration of the second convoluted tubules with 
some degree of consequent regeneration was found Daily subcutaneous administra- 
tion of cortical extract diminished or prevented these changes Of two recovering 
rats one presented normal kidneys and the other moderately severe changes, sug- 
gesting that apparent recovery may be associated with latent adrenal insufficiency 

From the Authors’ Summary 

The Thymus in Chemical Intoxications G Worms and H P Klotz Ann 
d’anat path 11 1 1934 

The changes m the thvmus gland following injections of phosphorus, mercuric 
bichloride, methyl alcohol and arsenic were studied m dogs rabbits and guinea- 
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pigs The most extensive studies were made with phosphorus, but in general the 
action of all the agents was fundamentally the same Atrophy of the thymus takes 
place by a series of stages If weakly toxic doses are injected over a long period, 
these stages can be observed in succession First there is an infiltration of the 
normally clear medullary zone bj lymphocytes escaping from the intralobular 
artery At the same time the cortical substance becomes cleared because of the 
destruction of a large number of the epithelial thymic cells, resulting in an inver- 
sion of the lobule If the toxic agent is now withdrawn the thymus gradually 
returns to its original state In prolonged administration of the poison, however, 
the thymic lobules become segmented into smaller and smaller subdivisions by 
trabeculae of a colloid substance derived from the necrotic thvmic cells There 
IS no fibrosis or fatty change Hassall’s corpuscles usually disappear also The 
changes resemble those produced by the x-rays and other agents 

__ PrRR\ J Mclnick 

Renal Lesions Produced bv Gold Salts A Kallo, Ann d’anat path 11 21, 
1934 

Eight different types of gold salts were administered to sixty guinea-pigs, 
rabbits and rats Normal as well as tuberculous animals were used The dosages 
included therapeutic, toxic and fatal doses The kidneys were examined micro- 
scopically The effects of toxic and fatal doses consisted, on the one hand, of 
intense hyperemia, diapedetic hemorrhages and cellular infiltration and, on the 
other hand, of marked degenerative changes and even necrosis of the tubular 
epithelium, especially of the convoluted tubules These findings were always asso- 
ciated with albuminuria or suppression of the urine Therapeutic doses produced 
mainly circulatory changes, but also slight parenchymatous changes The author 
therefore advises caution in the therapeutic use of gold salts 

Perry J Melnick 

Dfficiencv Osteitis in Chickens Kept in Cages and Its Resemblance to 
Osteitis Fibrosa with Hypertropht or the Parathyroids C Oberling 
and M Guerin, Ann d’anat path 11 97, 1934 

In eighty chickens kept in cages for varying periods up to a year marked 
deformity of the skeleton was observed, of a type familiar to chicken raisers and 
variously designated as rickets, osteoporosis or osteomalacia Etiologically, sun- 
light and vitamin D were not necessarily of importance The factor involved was 
an absence of gravel in the ration, apparentl}' a mineral deficiency The bones 
w'ere deformed, swollen, hyperemic and soft so that they were easily cut, and often 
had many cysts Microscopically, two distinct types of lesions w'ere found One 
type resembled rickets and osteomalacia, with gradual atrophy of the bonj trabeculae 
under the influence of the dilated and encroaching vascular spates Sometimes only 
atrophy was seen, m other cases osteoid tissue was laid down m an attempt at 
regeneration Most of the chickens in which this type developed had been kept 
m darkness The second type of lesion resembled osteitis fibrosa The narrow 
bony trabeculae presented many Howship’s lacunae associated with many osteo- 
clastic giant cells and a cellular inflammatory tissue Cysts were frequent in this 
tjpe Occasionallj'' both types of lesions w'ere found in the same fowd In most 
cases of both types there was an associated hypertrophy of the parathyroid glands 
Microscopically, these glands w'ere either typical, atypical or adenomatous, the 
structure could not be correlated with the type of lesion 

The authors believe that the different types should not be considered as separate 
entities Separate etiologic factors have not been established for them They are 
different reaction forms of bone tissue depending on various factors The para- 
thjroid hjpertrophy is considered as secondary to the disturbance of the mineral 
metabolism and re\ersible In osteitis fibrosa the stimulus to hjpertrophy results 
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in an adenomatous proliferation which is irreversible Thus, rickets, osteomalacia 
and osteitis fibrosa are related m that each fundamentally is a disturbance of 
mineral metabolism Pi rry J Melmck 

New Formation of Capillaries in Inflammatort Tissul J Goliini r, Ann 
d’anat path 11 461, 1934 

Inflammatory tissue produced aseptically by injecting foreign material intra- 
peritoneally into guinea-pigs was fixed m Zenker’s fluid, sectioned and stained with 
silver stains as well as by hematologic methods Goldner considers three factors 
to be important in the new formation of capillaries m such tissue, namely, reticulm 
fibers, histiocytes and endothelium-formative cells The reticulm fibers are of 
primary importance They are usually laid down bv histiocytes and determine 
the location and direction of the new-formed capillary, that is, they form a kind 
of framework for it The histiocytes remain as an incomplete perithehal sheath or 
adventitia (cells of Marchand) The endothelium-formative cells, which may be 
either fibroblasts or monocytes, then form an endothelium for the capillarj Finally, 
secondary anastomosis of the new capillaries with the blood vessels in the periphery 
occurs This evidence seems to contradict the classic theory that new capillaries 
bud off from preexisting ones Pprry J Melnick 


States of Inhibition of the Bone Marrow JEW Brochfr, Ann d’anat 
path 11 585, 1934 

Brocher points out that agranulocytosis is not a specific disease (so-called 
agranulocytic angina of Schultz), but is a state of inhibition of the bone marrow 
produced by various acute infections and bv poisons He reports several cases 
in which typical agranulocytosis (sometimes associated with hemorrhage) developed 
in patients following treatment with gold salts, bismuth or arsenicals or after 
prolonged exposure to benzene and other volatile organic poisons, x-rays and 
radio-active substances The condition depends on failure of the normal reactivity 
of the bone marrow j Melnick 


Effect of Hypophysectomy on thl Piialangis or the Sai amander K 
Schaefer, Virchows Arch f path Anat 293 562, 1934 

In larval salamanders at the time of metamorphosis the toes become actually 
shortened This is due to chondrolytic atrophy of the cartilaginous mass at the 
distal end of the terminal phalanges Hypophysectomy of the larvae leads to 
abnormal enchondral ossification followed by lacunar resorption, in this process 
many giant cells are formed Regeneration of amputated extremities or toes is 
delayed m hypophysectomized animals q -p Schuitz 


Morpholocic Effects of Splenic Autolysates G Herman and S Leitls, 
Virchows Arch f path Anat 293 599, 1934 

Repeated injection of the thermostabile products of autolysis of splenic tissue 
into rabbits and guinea-pigs led to activation of the reticulo-endothelial svstem of 
the spleen and liver This action was increased if the splenic tissue was irradiated 
before autolysis Autolysates of irradiated and nomrradiated splenic and muscle 
tissue caused regenerative changes m the bone marrow with increase in the number 
of megakaryocytes and slight degenerative changes in the parenchyma of the liver 
and kidney , these changes are considered nonspecific The autolysate of the spleen 
of a patient with myeloid leukemia led, m the rabbit, to marked proliferation of the 
reticulo-endothehal system of the liver and spleen and to areas of myeloid meta- 
plasia in the hver The autolysate of the spleen of a patient with Banti’s disease 
caused fibrosis of the hver m the rabbit ^ 

U T Schultz 



128 


ARCHIVES OF PATHOLOGY 


Pathologic Anatomy 

Histolog\ of the i^Iidolivar\ Rfgion of thj Medulla Oblongata in the New- 
Born Infant Myrtelle M Canavan and Frederick A Hemsath, Am 
J Dis Child 49 101, 1935 

The vessels seem inadequate m number to nourish so important a structure as 
the medulla oblongata In the new-born inlant ependymal cells are of greater 
length than in older persons, averaging 20 microns Subependymal glia cells are 
more abundant m the new-born than in the aged Oligodendroglia cells are slightly 
more in evidence midway between the olivary bodies, where myelin is laid down 
at an earlv stage In ten premature infants these cells represented 55 per cent 
of the cells , in ten babies born at term, 48 per cent Choroid plevuses may have 
various foci of heaping up of epithelial cells in their tufts Many cells are present 
at the surface of the folia of the cerebellum in the new-born 

Authors’ Summarv 


Enlargement of the Parathvroids in Rfnai Dise^si A M Pappinheimer 
and S L Wilens, Am J Path 11 73, 1935 

The mean weights of the parathyroid glands in a series of patients over the age 
of 10 years with miscellaneous non-nephritic diseases were 27 mg for the upper 
and from 31 to 32 mg for the lower gland ‘The mean combined weight was 
118 mg In the male glands there was no change correlated with advancing age 
In the female gland there was an increase in weight of approximately 22 per cent 
during the active sexual period , after 45 years there was a decline of weight to 
hgures corresponding with those of the series as a whole The enlargement was 
not correlated with pregnancy The mean weight of the parathyroids in various 
types of chronic renal disease exceeds that in non-nephritic diseases In an 
unselected series of cases this increase in mean weight is approximately 50 per 
cent in cases of advanced renal lesions the increase amounts to more than 100 
per cent The increase in the weight of the parathyroids is roughly proportional 
to the severity and extent of the renal lesions and to the intensity of the clinical 
signs of renal insufficiency Usually three or four of the glands share m the 


enlargement 


From the Authors’ Summary 


At\pical Ammoid Diseasi D Perla and H Gross, Am J Path 11 93, 1935 

Three unusual cases of amyloid disease are reported in which an etiologic 
factor was not demonstrated The first was that of a woman, S3 years of age, 
with extensive amyloid disease of the heart, tongue, gastro-intestmal tract and 
other organs, who died of congestive heart failure The second was that of a 
girl, 16 years of age, with extensive amjloid deposits in the kidneys, liver and 
adrenals, who died of uremia She had ankylosis of one joint without any evidence 
of suppuration The third case was that of a woman, 63 years of age, with amyloid 
contracted kidneys, who eventually died of uremia She had severe coronary 
sclerosis with old occlusion of the descending branch of the left coronary arterv 
and healed infarction of the left ventricle The amvloid disease was limited to the 
kidneys In view of the absence of any apparent suppuration it is suggested that 
this peculiar disturbance in protein metabolism may be independent of destruction 
of tissue Frou the Authors’ Sujimari 


Histogenesis or Subacute Li mphatic Leukemia J Stasneii and H Downei , 
Am J Path 11 113, 1935 

With three biopsies taken at different times, the histogenesis of a case of 
subacute lymphatic leukemia was followed In the early stages, a Ijmph node from 
the inguinal region showed diffuse hyperplasia of the syncytial reticulum cells 
Many of these cells showed beginning basophilia m the cvtoplasm At the same 
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time the peripheral blood contained a number of larger cells with cytoplasm of 
a tvpe that is characteristic of the reticulo-endothelial cell, but with a nucleus of 
lymphocytic pattern, indicating the heteroplastic origin of lymphocytes from the 
reticulum Later an inguinal lymph node presented a dense mass of immature 
lymphocytes in the medullary region, while the cortical germ centers were still 
preserved The immature lymphocytes, therefore, originate m the medulla rather 
than in the germinal center of the follicles, and the diffusely distributed syncytial 
reticulum is the mother tissue for these immature lymphocytes 

From thl Authors' Summarv 

Hepato-Adrenai Nicrosis with Intr\nucie\r I^CIusIo^ Bonirs G AI Hass, 
Am J Path 11 127, 1935 

The case of a 7 months premature infant afflicted with a fatal disease char- 
acterized by hepato-adrenal necrosis and intranuclear inclusion bodies in the 
parenchymatous cells of the liver and adrenal cortev is described It is assumed 
that the unique lesions must have been produced bv a filtrable virus No record 
of a similar case has been found in the literature 

From the Author’s Summarv 

Myocardial Lesions in Subacute Bacterial Endocarditis O S vphir. Am J 
Path 11 143, 1935 

Myocardial changes were encountered m thirty-five cases of subacute bacterial 
endocarditis These changes may be summarized as cloudy swelling, fatty degen- 
eration, petechial hemorrhages, acute myocarditis, foci of necrosis and abscesses, 
areas of perivascular acute and chronic (nonspecific) inflammation, minute infarcts, 
emboli m branches of the coronary arteries, Aschoff bodies and perivascular fibrosis 
Minute infarcts were the most commonly encountered and the most characteristic 
lesions Bracht-Wachter bodies are discussed and the conclusion reached that this 
term signifying specific lesions should be discarded because of the uncertainty of 
just what constitutes a Bracht-Wachter body 

From the Author's Summary 

Aenuiar Pancreas J B McN aught and A J Cox, Am J Path 11 179, 
1935 

Another case of annular pancreas is recorded, bringing the total number of 
reported cases to forty-four Annular pancreas is undoubtedly a developmental 
anomaly of the ventral pancreatic anlage Our case was that of a man, 70 years 
of age, with several congenital anomalies but with no complaints referable to them 
A rapid and simple method of accurately tracing the duct system of the pancreas 
bv means of an injection of a bismuth suspension is described 

From the Authors' Summary 

Fragilitv and Maturation of Rlticulocvtes Camille Mermod and W Dock 
Arch Int Med 55 52, 1935 

The reticulocytes, particularly the young (heavily stained) ones, are more easily 
destroyed in shed blood and in the circulating whole blood by saponin (and by 
citrate and oxalate m whole shed blood) than are the other red cells The 
maturation of reticulocytes m the circulating blood is not proved, it seems not to 
occur on any significant scale The occurrence of a reticulocytic crisis early in 
the treatment of anemia is probably an unavoidable evil associated with a change 
m the structure and function of the bone marrow This precedes and delays the 
rise in the red cell count * 

Authors’ Summarv 
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Paraplegia of Pregna>ncy (Subacute Combined Degeneration of the Cord) 
George B Hassin and Abraham Ettleson, Arch Neurol & Psychiat 

32 1273, 1934 

In a girl, aged 19, who gave a history of gonorrhea and syphilis and who had 
been pregnant five months spastic paraplegia developed without marked paresthesia 
or definite sensory disturbance No signs of pernicious anemia or of cord compres- 
sion were present The condition grew worse and after a spontaneous premature 
delivery of the child at the eighth month the patient died with signs of septico- 
pyemia Necropsy revealed far advanced degeneration of the lateral columns, foci 
of septicopyemia in the brain and the mild degeneration of the posterior columns 
and changes in the anterior horn cells t}'pical of so-called axon reaction (swollen 
cell bodies, misplacement of the nucleus to the periphery, retraction of the den- 
drites and chromatol 3 'sis) Authors’ Abstract 

The Central Nervous Ststim in Mushroom Poisoning Eli Marcovitz and 
Bernard J Alpers, Arch Neurol & Psychiat 33 S3, 1935 

The authors describe central nerve changes m a woman aged 26 and a man 
aged 27 who died from mushroom poisoning (Amanita phalloides) on the fifth 
and se\enth days, respectively The changes in the brain were punctate hem- 
orrhages and swollen, fragmented and vacuolated ganglion cells, some with 
pyknotic nuclei and containing lipoids, which were present also in the neuroglia, 
microglia, vascular endothelium and ependymal cells In addition, there were 
scattered inflammatory changes in the form of marked perivascular infiltrations 
The authors classify the changes as toxic encephalopathy combined with inflam- 
matory phenomena which, in their opinion, are not secondary but primary, in no 
way different histologically from an infectious nonsuppuratne encephalitis The 
temperature m one case rose as high as 106 F , m the other case it was not given 

George B Hassin 

Cerebral Changes in Gastro-Intestinal Infections with Terminal 
Cachexia Leo Alexander and T T Wu, Arch Neurol & Psychiat 

33 72, 1935 

Alexander and Wu studied the changes in the brains of twentj’’ patients m 
whom cachexia developed as the result of various types of dysentery and intestinal 
tuberculosis (five cases) Tbe ages of the patients varied from 6 months to 49 
years One patient was a premature bab}' The durations of the diseases ranged 
from a few days to several months Some patients had had recurrent attacks of 
diarrhea for as long as ten years The clinical manifestations were m many cases 
pS 3 '^chotic — delirium, maniacal outbursts and Korsakoff’s svndrome , convulsions 
were a prominent feature in a few cases, aside from severe somatic disturbances 
The cerebral changes were mainly regressu'e — parench 3 '-matous and circulatory 
Hemorrhages and inflammatory phenomena were entirely absent Ischemic foci 
in the third and fifth cortical layers were the most outstanding changes In such 
foci ganglion cells were few , many were replaced by small glial cells , some cells 
disappeared without leav ing traces , other cells were as shadows or were “pyknotic” 
or “pyknomorphic,” but foci of complete ischemic necrosis were not present 
The other changes were what the authors call “soaking,” as they resembled the 
changes that can be produced in the ganglion cells 63 '' soaking fresh brain tissue 
in distilled w'ater Such changes show as marked argentophiha of the nuclei and 
crumbling of the neurofibrils In five cases so-called pseudo-atrophy of the brain 
was observed especially of the frontal lobe, without fibrosis of the meninges, which 
m the authors’ opinion was due to emaciation George B Hassin 
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Meningo-Encephalitis Caused b\ C^sticercus Cillulosae Vi ra B Dolgopol 

and I^Iarcus Neustaedter, Arch Neurol & Psychiat 33 132, 1935 

A Mexican woman, aged 30, had been suffering for a year from headaches 
which were complicated within five months by visual disturbances, vomiting and 
convulsive seizures of the left arm and leg Present were Argyll Robertson 
pupil, papilledema of tlie left fundus, edema of the eyelids, and pleocytosis and 
increase of globulin in the spinal fluid, which contained 24 per cent eosinophils 
(the blood showed 10 per cent of eosinophils) Jacksonian attacks developed in the 
right half of the body preceded by hyperesthesias of the right upper and lower 
extremities Because of gradually increasing visual disturbances, an opening was 
made m the right temporal region and a small mass was removed from under 
the dura Five weeks later necropsy revealed chains of vesicles attached to the 
meninges of the sylvian fissure and both sides of the pons, the majority of the 
cysts were empty or contained a hyaline substance but no parasites The capsules 
of the cysts showed marked reactive inflammatory phenomena, as did the meninges 
and the cerebral parenchyma The vessels of the brain were not only infiltrated 
with lymphocytes and plasma cells but showed a marked endarteritis which almost 
obliterated the lumen of some arteries This occlusion was evidently the cause 
of the softening of the right parietal and temporal lobes The National Institute 
of Health in Washington diagnosed the vesicles as Cysticercus cellulosae, the 
larval form of Taenia solium George B Hassin 

SiDEROFIBROSIS OF THE SpLEEN IN SiCKLE CeLE AnEMIA L W DiGGS, JAMA 

104 538, 1935 

This article is based mainly on a study of the spleen in nineteen cases of sickle 
cell anemia The descriptions of the spleen m thirty-three cases of the disease 
reported in the literature are also considered The various stages of the siderotic 
fibrosis of the spleen in sickle cell anemia are described in detail, but no conclu- 
sions are drawn as to the relationship of the splenic lesion to the severity and 
duration of the anemia The specific feature is the presence in the spleen, in all 
stages of the process, of sickle-shaped red corpuscles The process is the result 
of hemorrhages into the spleen followed by replacement with connective tissue in 
which are deposits of iron and calcium In these deposits may occur structures 
that look more or less like mycelial bodies, but there is no convincing evidence 
that fungi play any part in the process 


Elliptical Human Erythrocytes D J Stephens and A J Tatelbaum, 
J Lab & Chn Med 20 375, 1935 

The authors present hematologic studies of fifteen members of an Italian family 
m which eight members exhibited elliptic erythrocytes In each of the affected ones 
there was an increase in the number of red blood cells per cubic millimeter with a 
definite increase in the mean corpuscular volume and the mean corpuscular hemo- 
globin In general the number of red blood cells was inversely proportional to 
the mean cell volume and the mean hemoglobin content Two dimensional meas- 
urements of cells m fixed, stained smears indicated that the decrease in size 
involved the round cells and the abnormally shaped cells to approximately the 
same extent, without increase in the variability of distribution of cell size In the 
unaffected members of the family the erythrocytes were normal m shape, size, 
^olume and hemoglobin content Authors' Summary 


Relation of Adenoma of the Umbilicus to Apocrinf Sweat Glands and to 
Adenofibrosis of the Mammary Gland H Gfhrke, Virchows Arch f 
path Anat 293 191, 1934 

Gehrke reviews the theories of the pathogenesis of umbilical adenoma, for which 
he prefers the name adenofibrosis,” and of the endometrioid proliferations in o'en- 
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eral He finds httle suppoit for the view that the umbilical tumor arises from 
celomic epithelium or from metastatic endometrioid tissue He describes the his- 
tologic appearance of an umbilical nodule from a woman aged 89 and attaches 
great importance to the myxomatous character of the stroma about the glandular 
elements At the pheripher}’^ of the tumor there occurred transitions from normal 
sweat glands to cysts and glands with columnar epithelium In the transition zone 
were sweat glands of apocrine type with myxomatous stroma He accepts as 
established the normal occurrence of apocrine sweat glands in the umbilicus of 
woman It is from these that he derives the umbilical adenoma Participation 
of such tumors in the menstrual cj'cle is not proof of their endometrial origin, 
since the apocrine sweat glands are influenced by sex hormones In cystic disease 
or adenofibrosis of the mammary gland the presence of large glands of apocrine 
sweat gland type is frequentlj' observed The myxomatous character of the stroma 
about them is cited by Gehrke in support of his theori'^ q -p Schultz 

Histology of Bone Involvement in Pauonvchia G A Sedglnidse, Virchows 
Arch f path Anat 293 207, 1934 

Two forms of involvement of the terminal phalanx m suppurative paronychia 
have been described (1) periostitis and involvement of the subadjacent bone by 
direct continuity from the infected soft tissues and (2) osteomyelitis b\ waj' of 
the blood stream Histologic examination of early lesions leads the author to 
conclude that such a difference does not exist The terminal phalanges have a 
much richer blood supply by waj' of the periosteum than other bones The inflam- 
matory process attacks the bone by way of the periosteum , osteomyelitis may result 
as a late stage of this process but not as a primary process beginning m the medul- 
lary spaces of the bone The entire phalanx may die early m the infection, 
sequestration of part of the bone does not occur because the rich blood supply of 
the periosteum permits rapid regeneration if the inflammation has not been so 
diffuse as to cause complete necrosis in a short time q 'p Schultz 

Thrombophilia and Polvcvthemia H Ludeke, Virchows Arch f path Anat 
293 218, 1934 

The term “thrombophilia,” according to Ludeke, should be reserved for a 
condition characterized bj'^ a pathologic disposition to multiple, not infrequently 
recurring, thrombosis, often in vessels not usually the site of this process, m per- 
sons who do not exhibit the factors usually held responsible for thrombosis Four 
cases are presented Platelet counts were not made In two cases histologic 
examination of the bone marrow revealed a great increase in mega- 
karyocytes In the other two, bone marrow was not available for stud}, 
but the clinical picture was that of polycythemia Ludeke holds that all were 
cases of polycythemia He tabulates from the literature twenty-one additional 
cases of polycythemia with thrombosis Thrombosis in polycythemia is due to 
increased formation and delivery into the blood of platelets (thrombocytosis) and 
to slowing of the circulation The latter phenomenon is due to increased viscosity 
of the blood and to an increase in the cross-sectional area of the circulatory bed 
brought about by the increased blood volume The localization of the thromboses 
depends on local peculiarities of the circulation Polycythemia is a striking exam- 
ple of a pathologic predisposition to thrombosis q -p Schultz 


Endarterixi Cellular Buds of the Thvroid A Giipin, Virchows Arch f. 
path Anat 293 257, 1934 

In 1892 Horne described m goitrous thyroids areas of cellular proliferation in 
the small arteries They projected into the lumens of the vessels as small cellular 
buds These findings were confirmed b} M B Schmidt, who found the buds 
also in normal thyroids Concerning their origin and nature there has been doubt 
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Gilpin examined serial sections of fifty thyroids, normal and abnormal, from per- 
sons of various ages He found the structures described by Horne They were 
most numerous in the most highly vascularized thyroids They are not true pro- 
liferations but artefacts resulting from a plane of section through twists and bends 
of the smaller arteries The cellular nodules usually consist only of intima, but 
they may contain tissues of the other two coats as well q -p Schuitz 


Thyrotoxic Myocardial Changi s D Bov ksen, Virchows Arch f path Anat 
293 342, 1934 

Histologic examination of the hearts of twenty-five persons who died of thyro- 
toxicosis revealed myocardial changes in twenty-three The detectable alterations 
were primarily regressive and began with loss of striation and degeneration of 
individual muscle fibers or small groups of fibers and proceeded to necrosis of 
myocardial fibers The degenerative changes were associated with lymphocytic 
infiltration and with replacement of degenerated fibers by proliferated connective 
tissue Causes of damage other than thyrotoxicosis were excluded Similar 
changes were produced m rats subjected to subcutaneous administration of sjn- 
thetic thyroxine Myocardial damage was increased if the thyroxinized rats were 
exercised daily on a treadmill to exhaustion Similar muscular activity m rats 
without thyroxine led to no myocardial changes Boyksen holds that the myocardial 
damage of hyperthyroidism is due to thyrotoxic action on the muscle fibers 

O T Schultz 

Pathologic Anatomy of Human Psittacosis B J Mansfns, Nederl tijdschr 
geneesk 78 5818, 1934 

The lung may show lobular pneumonia with a gray or red, smooth, moist cut 
surface The exudate consists mostlv of serous fluid with little fibrin, some large 
mononuclear cells and few leukocytes There may be fibrinous pleuntis In the 
liver and kidney there is degeneration of the epithelium, and sometimes there is 
focal necrosis in the liver There may be swelling of the reticulo-endothelial cells 
in the spleen and in the liver, also small hemorrhagic extravasations m difterent 
organs 


Pathologic Chemistry and Physics 

The Blood and Plasma Glutathione Content in Human Cancer J W 
Schoonover, Am J Cancer 23 311 and 315, 1935 

The average reduced and oxidized glutathione contents of the blood of patients 
with cancer is practically the same as m normal blood The reduced glutathione 
content of erythrocytes is slightly higher than normal in the presence of both 
cancer and nonmalignant tumors, while that of blood plasma is low and fairly 
uniform The ratio of oxidized to reduced glutathione is higher m the plasma 
and lower m the erythrocytes of patients with cancer than in normal persons 

Elizabeth McBroom 

Phosphatase in Ossifving Myositis W E Wilkins, M Regen and 
G K Carpenter, Am J Dis Child 49 1219, 1935 

Sections of tissue from a patient with so-called myositis ossificans progressiva 
were studied for evidence of phosphatase activity Taken from the region of two 
lesions in the preossification stage in a patient with progressive ossifying mvositis, 
fibrous tissue had a much higher phosphatase activity than muscle The activity 
in two samples of normal muscle was low Samples of heterotopic bone and 
cartilage from an older lesion had a higher activity than a piece of normal rib 

From the Authors’ Summarv 
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Cmciuai-Ion Concentrations in the Blood F C McLean and A B Hast- 
ings, Am J M Sc 189 601, 1935 

The total calcium of the serum or plasma is nearly all accounted for as calcium 
ions and calcium bound to protein Of these two forms, the ionized calcium is of 
primary physiologic and clinical importance The concentration of calcium ions 
in the plasma is normally maintained within a relatively narrow range by a process 
of physiologic regulation in which the parathyroid glands play a prominent part 
This range has been found to be, as a rule, from 4 25 to 5 25 mg per hundred 
cubic centimeters The concentration of calcium ions in the plasma at any time 
IS the resultant of an equilibrium between the total calcium and the total protein 
in the plasma A method for clinical estimation of calcium ion concentration by 
calculation from the total protein and the total calcium concentration is presented 
Results obtained by this method have been found to be in substantial agreement 
with those obtained by direct observation Fluctuations in the concentration of 
total calcium in response to fluctuations in that of total protein m the plasma are 
necessary for the maintenance of a normal calcium ion concentration, and con- 
sequently are not in themselves of clinical importance An increase m the concen- 
tration of calcium ions m the plasma is presumptive evidence of hyperfunction of 
the parathyroid glands A decrease in the concentration of calcium ions in the 
plasma may occur as the result of hypofunction of the parathyroid glands, or mav 
be brought about by the hyperphosphatemia of uremia In all other conditions 
investigated, including various disorders of calcification, the concentration of 
calcium ions in the serum or plasma has been found to be within normal limits 

From the Authors’ Summarv 

The Lipid Content of Livers of Non-Immunized and Immunized Horses 
A Wadsworth, L W Hyman and R R Nichols, Am J Path 11 419,1935 

The lipids m the liver of immunized and those of nonimmunized horses were 
determined by estimating the total fatty acids, phospholipids, free and esterified 
cholesterol and the iodine value of the total fatty acids The values for the 
immunized showed much wider variation than did those for the normal animals 
The ratio of phospholipid to free cholesterol m the liver from the immunized horses 
was lower than in that from the nonimmunized ones and corresponded, in gen- 
eral, to the changes m the liver 


Gastric Acidity in Pulmonary Tuberculosis I Gray and J Melnick, Am 
Rcy Tuberc 31 460, 1935 

Of young persons between 20 and 30 years of age with pulmonary tuber- 
culosis of from one to six or more years’ duration, approximately one third pre- 
sented gastric hypo-acidity and one fourth anacidity within a period of from one 
to four years Approximately one half of the number showed a normal acidity 
at all times Of male patients, a little more than half showed normal aciditj 
through a six year period of the disease Approximately one third showed a 
decrease or an absence of acid Of female patients only one third had normal 
aciditj, the other two thirds showing a decrease or an absence of acid There 
was a definite tendency in the females toward a decrease in acid The gastric 
contents of the majority of the young adults showed tubercle bacilli As the acid 
decreased tubercle bacilli were found more frequently in the stomach contents 
Gastric sjmptoms were somewhat more frequent m the females than in the males 
and usually started at an earlier period j Corper 

Relation of Plasma Proteins to Ascites and Edema in Cirrhosis or the 
Li\cr W K Miters and C S Keefer, Arch Int iled 5S 349, 1935 

Sixteen cases of cirrhosis of the li\er w'ere studied A deficiencj'^ of total 
plasma protein was found The decrease w'as most pronounced in the albumin 
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fraction The albumin-globulin ratio was inverted Similar but less extensive 
and less consistent alterations m the values of plasma protein were observed in 
fourteen cases of other forms of disease of the liver 

In patients with cirrhosis of the liver the following conditions were observed 
1 The protein content of the ascitic fluid varied between 0 1 and 1 7 Gm per hun- 
dred cubic centimeters The albumin content of the ascitic fluid was propor- 
tionately greater than that of the blood plasma 2 The removal of ascitic fluid 
gave rise to changes m the plasma protein value and temporary hydremia with 
corresponding diuresis 3 Peripheral edema without circulatory failuie was asso- 
ciated with a reduction of the plasma proteins 

In cirrhosis of the liver the appearance of ascites must depend somewhat on 
the osmotic pressure of the blood plasma as well as on portal obstruction The 
hypoprotememia may arise from defective formation of plasma proteins and from 
loss of protein into the ascitic fluid The defect may be due to alteration in the 
function of the liver From thi Auiiiors’ Sommarv 

Thi, Urea Ratio as a Measure of Renal Function H O Moslntii'^l and 
M Burger, Arch Int Med 55 411, 1935 

The urea ratio expressed as the percentage of urea nitrogen in the total non- 

100 X urea nitrogen, . c . ^ t 

protein nitrogen of the blood, or a satisfactory index of 

“ uonprotem nitrogen 

renal efficiency When the Folin-Wu filtrate (laked blood) is used for the deter- 
mination of both the urea nitrogen and the total nonprotem nitrogen in the blood 
It IS noted that the urea ratio varies with renal function as follows (a) With 
normal renal function the index is 44 or less, (b) with maximal impairment of 
renal function the index is 80 or higher, (c) with improvement m renal function, 
a drop in the ratio, and with progressive impairment of function, a rise in the 
ratio occurs The determination of the urea ratio at intervals measures pro 
gressive changes m renal efficiency and affords a reliable index of renal function 
regardless of the fluctuations of the total nonprotem nitrogen of the blood 

Although the urea nitrogen or the total nonprotem nitrogen m the blood nia> be 

at a normal level, the urea ratio reveals renal insufficiency when it exists This 
test may be carried out on one specimen of blood , it does not require prolonged 
observation of the patient or collection of urine It furnishes a numerical index 
of impairment of renal function and is equally applicable to patients in private 
practice and to those in hospitals Authors' Summary 

Alkali Reserve in Biood and in Cerebrospinal Fluid in Experimental 
Acidosis E de Thurzo and S Katzenflbogen, Arch Neurol & Psjchiat 
33 786, 1935 

The authors studied the blood (from the heart) and the spinal fluid (obtained 
by cisternal puncture) of cats for carbon dioxide-combinmg power before and 
after the blood had been rendered acidotic by intraperitoneal injections of 
ammonium chloride (from 0 25 to 1 cc of 10 per cent solution) In some cats 
in order to increase the permeability of the barrier between the blood and the 
spinal fluid, aseptic meningitis was produced before the intraperitoneal injection 
of ammonium chloride The carbon dioxide-combming power was studied at 
various intervals after injection of ammonium chloride In eight of twenty-five 
experiments, acidosis of the blood was generally accompanied by a mild reduction 
in the carbon dioxide-combimng power of the cerebrospinal fluid This was much 
more marked m animals in which aseptic meningitis had been additionally pro- 
duced, so that the acid-base balance in the cerebrospinal fluid is, in the authors’ 
opinion, apt to be affected by a combination of acidosis of the blood and an inflam- 
matory process within the cerebrospinal cavity q B H 
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Uriiv -vry Silica in Persons Exposed to Silica Dust J J Bloomfiei d, 
R R Sayers and F H Goldman, Pub Health Rep 50 421, 1935 
One hundred and twenty-three anthracite coal workers, twenty of whom had 
been out of the industry an average of seven years, were examined for unnar}" 
silica by the method of King and Dolan The amounts of silica found m the urine 
varied from 0 6 to 117 mg and averaged 2 S mg per hundred cubic centimeters 
Normal persons were found to be excreting only an average of 1 mg per hundred 
cubic centimeters A close correlation was found between the exposure of these 
men to silica dust for a specified number of years and the amount of urinary 
silica A study of former anthracite coal workers showed that even after a lapse 
of several years away from any exposure to silica dust an increased amount of 
silica IS being excreted by them These findings furnish additional evidence of 
the etiology of the disease From the Authors’ Summary 


The Lipids in the Leukocytes in Fevlr and Infection Eldon M Boyd, 
Surg , Gynec &. Obst 60 205, 1935 

The leukocytes undergo marked metabolic variations in pregnane}", lactation, 
postoperative convalescence and fever, as indicated by changes in their hpid con- 
tent There are twenty-six complete differential analyses of lipids in the leukocytes 
under fasting conditions m twelve cases of fever In each analysis the lipids 
determined were free cholesterol ester cholesterol, total cholesterol, phospholipid, 
neutral fat, total fatty acids and total lipid Oxidative micromethods were used 
The results are grouped according to the outcome of the infections In patients 
who recovered from fever due to a variety of causes the white blood cells con- 
tained large amounts of phospholipid There was generally also an increase m 
free cholesterol with low figures for ester cholesterol and neutral fat In these, 
convalescence was accompanied bv a further rise in phospholipid Patients dying 
from infection had low phospholipid values in the blood leukocytes during the 
febrile period It appears that the activit}" of the leukocytes may be measured 
b} their lipid content, especially by the phospholipid fraction 

Warren C Hunter 

Haemochromatosis H Ramage and J H Sheldon, Quart J Med 4 121, 1935 

In hemochromatosis there is an increase of iron in all the tissues of the body 
with the exception of the blood, brain and colon, concerning the latter two organs, 
however, the statement is subject to individual exceptions In certain organs the 
amount may be enormous, especially m the liver, pancreas, Ivmph glands, thyroid 
sahv'ary glands, pituitary, choroid plexuses and heart The increase over normal 
appears to be greatest in the pancreas The somatic muscles share in these deposits 
of iron The total amount of iron deposited m the body by the time of death 
appears to v’ary from about 25 Gm to from 45 to 50 Gm There is a slight increase 
of the total sulphur in certain tissues, especially m the alimentary canal This is 
probably related to the deposits of hemofusem Spectrographic examination con- 
firmed the results of previous chemical analyses m showing that there is an 
increase of copper m the liver This increase applies to all the tissues with the 
exception of the kidney, small intestine and omentum The general order of 
increase is betvv^een two and three times the normal Certain of the tissues hav'e 
an increase of calcium, which is best seen m the liver, thyroid, striated muscles 
and pancreas Most of the tissues show disturbances in the behavior of both 
sodium and potassium, these metals usually swinging in opposite directions The 
manganese content of the liver is about one-fourth the normal No unusual elements 
were met with From the Authors’ Summarv 
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Microbiology and Parasitology 

An Interpretation or the Filterabie Viruses R R Htde, Am J HyST 
21 472, 1935 

“A filterable virus, as we conceive it today, is an agent of particulate nature 
It IS of ultramicroscopic dimensions It passes filters that retain the vegetative 
forms of parasitic life It can be passed m series on sensitive hosts It produces 
characteristic inclusion bodies It has not been cultu ated on lifeless media It 
would be unknown to us were it not for the changes produced m the bodies of 
higher animals and plants” 


Relationship Between Rheumatic and Subacute Bacterim Endocarditis 
W C Von Glahn and A M Pappenhi imer. Arch Int liled 55 173, 1935 

The infection of the cardiac valves with nonhemolytic streptococci in rheumatic 
patients is due to implantation of the bacteria on unhealed rheumatic vegetations 
The continued activity of the rheumatic disease in patients with subacute bacterial 
endocarditis is attested by the invariable occurrence on the valves of rheumatic 
verrucae which do not contain bacteria, and by Aschoff bodies m the myocardium 
in the same percentage of cases as in uncomplicated rheumatic carditis Staphylo- 
coccus aureus may also be implanted on unhealed rheumatic vegetations 

From the Authors’ Conclusions 


The Fibrinolv TIC Activity OF Hemolv TIC Streptococci W S Tiilett, J Bact 
29 111, 1935 

There is a relationship between the infectivity of the beta hemolytic strepto- 
coccus for man and the fibrinolytic property of the cultures The determination of 
the presence or absence of fibnnolysm m the cultures is helpful in separating 
strains pathogenic for man from others which probably do not cause disease in 
human beings From the Author’s Conclusions 


Rabbit Pox H S N Greene, J Exper Med 60 427 and 441, 1934 

The clinical manifestations and course of a highly contagious and acutely fatal 
disease designated as rabbit pox have been described The general symptomatology 
varied within wide limits, and accurate diagnosis rested on the occurrence of cer- 
tain characteristic lesions The most distinctive of these lesions was a pocklike 
eruption which was often outspoken and widespread over the body, but sometimes 
was poorlv defined and detectable only after careful physical examination Other 
lesions depended on involvement of particular organs and gave rise to special 
symptoms As a rule, in the epidemic infection the period of incubation varied 
between five and seven days No evidence of transmission of the infection by 
animals which had recovered could be obtained Furthermore, tests demonstrated 
that the reproductive capacities of most of the animals were not permanently 
impaired 

The most distinctive gross lesion in all organs and tissues was the small nodule 
or papule, which was found to consist of mononuclear infiltration and necrosis 
Diffuse lesions were also found in which the infiltration was widespread and 
accompanied by edema, hemorrhage and extensive necrosis of the affected tissues 
and organs The possibility that the diffuse lesions were due to the action of 
secondary invaders uas considered, but the available evidence indicated that the 
different types, including pneumonia, represented reactions to a single causative 
agent Moreover, an intimate relationship was observed to exist between lesions 
and small blood vessels, m which primary endothelial damage was usually appar- 
ent The degree of vascular damage generally corresponded to the extent of the 
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lesion, and it is probable that this in turn corresponded to the dose of the causative 
agent The close analogj' between the clinical manifestations and pathologic proc- 
esses of this disease and smallpox in man led to the conclusion that the disease 
m the rabbit is essentially the same as smallpox, and that it is probably produced 
by a virus closely related to that of smallpox The arailable evidence^ indicated 
that the infection originated m the institute (Rockefeller Institute for Medical 
Research) and that it spread in atypical form or masked by some other disease 
until it reached the breeding colony as a clearly defined epidemic infection 

From inz Author’s Summaries 

Transmission of Kvla-Azar b\ Oronasal Secretions C E Forkner and 
L S ZiA, J Exper Med 61 183, 1935 

Patients with kala-azar, whether the symptoms of the disease are of short or 
long duration, almost without exception have present in their oral and nasal dis- 
charges viable, pathogenic Leishmama Donovani Evidence is presented which 
strongly supports the theorj' that kala-azar is transmitted by means of direct or 
indirect contact Unequivocal proof of the important natural mode or modes of 
transmission of kala-azar has not yet been presented Much more work must be 
done before a final solution of the problem can be accepted 

From the Authors’ Conciusions 

Diagnosis of Psittacosis in Man b\ Means of Intections of Sputum into 
White Mice T M Rivers and G P Berri, J Exper Med 61 205, 1935 

By means of intraperitoneal injections of unfiltered sputum or of filtrates of 
sputum into mice psittacosis in human beings can be successfully diagnosed in a 
large percentage of the cases and m a relatively safe manner 

From the Authors’ Summary 

Repeated Attacks of Experimfntai Pneumococcus Lobar Pneumonia in Dogs 
L T CoGGESHALL and 0 H Robertson, J Exper Med 61 213, 1935 

A study has been made of repeated attacks of lobar pneumonia produced in dogs 
by intrabronchial injection of Pneumococcus, type I Twenty-five dogs were given 
seventy-eight infections at intervals of from three days to nineteen months The 
number of attacks to which a single animal was subjected varied from two to 
eleven It was found that recovery from this experimental disease conferred on 
the animals increased resistance against subsequent infections, as show n by the fact 
that such animals regularly survived doses of culture which m dogs infected for 
the first time produced a fatal outcome The recurrent attacks of pneumonia w’ere 
uniformly mild, the febrile course was brief, the pulmonary lesion w'as usually 
confined to a single lobe, and bacteremia seldom occurred There was no detectable 
difference between the second and the subsequent infections, which could be pro- 
duced w'henever desired, nor did the intervals of time between attacks appear to 
bear any relation to the seierity of the experimental disease Tests for acquired 
antipneumococcic immune substances m the blood after recovery showed that these 
substances w'ere present in some animals and not in others, yet dogs without demon- 
strable humoral immunity appeared to be just as resistant to reinfection as those 
possessing it A comparison of the pathogenesis of these secondarily induced lesions 
with that of the initial infection revealed certain striking differences Secondary 
lesions produced m a lobe previouslj' affected tended to e%olve much more rapidlj'' 
than did primary ones They were characterized by early appearance of a gen- 
eralized macrophage reaction and marked diminution in the numbers of pneumo- 
cocci in the tissues or their complete absence These changes occurred more 
slowly m secondarj' lesions initiated in hitherto unmvolved lobes The macrophage 
reaction, which consists of a sw'elling of the fixed tissue cells (histiocytes) and a 
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subsequent liberation of macrophages into the aheolar exudate, is regarded as 
significant evidence of increased antipneuniococcic resistance, since it has been 
observed to occur regularly at the time of recovery from the first infection and is 
accompanied by local disappearance of the invading micro-organisms 

From the Authors’ Simmakv 

Coryza of the Domestic Fowl J B Nixsok, J Exper Med 61 351 and 361, 
1935 

The mucous surfaces of the nasal passages and orbital sinuses appear to afford 
particularly favorable conditions for the development of the bacillus of fowl coryza 
Injected into the nasal tract in any appreciable number, the bacilli regularly develop 
and may continue to exist for a considerable period in spite of an active inflam- 
matory reaction on the part of the host The bacillus multiplies either sparsely 
or not at all when injected extranasally, regardless of the nature of the cellular 
surface with which it is brought in contact If the locus of injection is in com- 
munication with the upper air passages, as in the instance of the trachea, internal 
ear and orbital cavity, the bacilli may be carried there even in the absence of a 
local development and produce coryza Introduction of the bacilli in loci not m 
communication with the upper air passages is followed by nasal carriage only m 
the case of the peritoneal cavity Following intraperitoneal injection of the bacilli, 
seven of twelve birds showed these organisms m the nasal passages and, except 
in one instance, without accompanying inflammation 

Intratracheal, intracloacal and subcutaneous injection of living cultures of the 
bacillus of fowl coryza had no demonstrable effect on the susceptibility of fowl 
to coryza Intraperitoneal injection was irregularly followed by definitely altered 
susceptibility Growth of the specific bacillus was inhibited in the nasal tracts of 
approximately 70 per cent of twenty-five birds which had received an earlier 
intraperitoneal injection From the Authors Summaries 

The Colony Morphoiogv of Tubercle Bacilii K C Smithburn, J Exper 
Med 61 395, 1935 

Smooth, round, shiny, nongranular and nonspreading colonies have been observed 
m cultures of virulent tubercle bacilli freshly isolated from eight human sources 
other than sputum The classification of six of these strains as of human type was 
established by inoculation of the cultures into rabbits and guinea-pigs The 3 per 
cent sodium hydroxide or 6 per cent sulphuric acid frequently used in the isolation 
of tubercle bacilli are definitely unfavorable to the development of smooth colonies 
It was observed that smooth colonies are produced m greater number when the 
hvdrogen ion concentration of the medium (Corper’s egg yolk-glj cenn medium) is 
adjusted to a point near to but slightly on the acid side of neutral 

From niE Author’s Summ\r\ 

Experimental Stubies on Encephalitis L T Webster and G L Fite T 
Exper Aled 61 411, 1935 

The infectious agent m fatal cases of St Louis and Kansas City encephalitis 
passes Seitz pads in high dilution without appreciable loss of infectivity and 
traverses collodion membranes with an average pore size of 66 microns or greater 
It IS highly infectious for mice by intracerebral and intranasal routes but practically 
innocuous by subcutaneous and intraperitoneal routes Certain strains of mice are 
more susceptible than others Administered to mice mtranasally, the agent causes 
tremors and convulsions after an incubation period of from six to seven days 
followed by prostration and death in from eight to ten days Lesions are demon- 
strable in the olfactorv bulbs three days after infection m the pyriform lobe after 
four days, and in Ammon’s horn after five days In monkeys (Macacus rhesus) 
the agent provokes a mild nonfatal reaction and the de\ elopment of specific neutral- 
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izmg bodies On passage m monkeys the virus becomes progressively weaker In 
rabbits, guinea-pigs, rats and sheep it is apparently without effect All available 
strains proved alike m their effects on animals and m immunologic respects The 
available data enable one to conclude that the agent is a filtrable virus differing 


from those studied heretofore 


Fro2u thl Authors’ Conclusions 


Is A Special Variety of Staph \lococcus Concerned in Food Poisoning? 
J Stritar and E O Jordan, J Infect Dis 56 1, 1935 

As other investigators have found, there are no good criteria for the differentia- 
tion of various types of staphylococci Biochemical, hemolytic and agglutinative 
characters are not closelj” correlated, and except for differences m the vigor of 
the strains it is hardly possible to maintain a sharp distinction between the albus 
and aureus varieties or between strains of “saprophytic” and those of pyogenic 
origin The “food poisoning” strains agree with the other members of the group 
in not constituting a clearly marked division There is no evidence of homo- 
geneity m biochemical, hemolytic or agglutinative characters The power to 
provoke food poisoning is not limited to any recognizable variety of staphylococci 
As bearing on the possible instability of these organisms it is worth noting that 
strains with different biochemical and serologic characters have been isolated from 
the same article of food (e g , cake) in one and the same outbreak (cf strains 
1, 3, 4, table 1) On the other hand, the unity of the strains found in some out- 
breaks (e g, 142-5) IS noteworthy Authors’ Summary 

Experimentai Rabies in White Mice and Attemptfd Chemotherapv A 
Hovt, R T Fisk and C H Thienes, J Infect Dis 56 21, 1935 

Groups of white mice, each comprising approximately twenty-four animals, were 
given intracerebral injections of fixed rabies virus They were subsequently treated 
with various drugs in an attempt to prevent or modify the course of the disease 
The drugs employed were plasmochm, merthiolate, metaphen, bismuth violet, lodo- 
bismitol, bismarsen, tryparsamide, silver arsphenamine, Bayer 205, ethylhydro- 
cupreine hydrochloride (optochin), pyndium, sodium arsanilate (atoxyl), neostam 
and sparteine sulphate The virus and the drugs were injected in amounts directly 
proportional to the body weight of each mouse The experiments performed were 
divided into sixteen senes and an adequate control group of mice was instituted 
in each series The mean period of incubation and the mean length of life (after 
injection of fixed virus) were calculated for each group of mice Neither of these 
periods differed significantly as between the treated and control groups of mice 
included in any one series of experiments 

From thf Authors’ Summary 

The Passage of Bacteria from tiii Lungs into the Blood Stream W M 
Tuttle and P R Cannon, J Infect Dis 56 31, 1935 

Suspensions of cultures of Staphylococcus aureus. Bacillus prodigiosus and 
Streptococcus haemoljticus were introduced into the lower lobe of the left lung 
m fourteen health)^ dogs, and samples of blood from the femoral arterj and lymph 
from the thoracic duct were cultured at frequent intervals during the first sixty 
minutes In the animals given injections of cultures of Staph aureus and B 
prodigiosus both the blood and lymph remained sterile throughout the period of 
observation The bacteria \vere demonstrable in the lungs at the end of the experi- 
ment, many engulfed by septal cells In the dogs given injections of cultures of 
the hemolytic streptococcus, however, the micro-organisms quickly entered the blood 
stream whereas the thoracic lymph remained sterile m most instances, proving 
that the passage of bacteria from the lungs into the blood stream vv'as direct rather 
than indirect by way of the lymphatics It is probable that the differences m the 
response of the pulmonary tissues to the micro-organisms employed depended to 
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a large extent on the varying degrees of injury to the cellular and tissue barriers 
within the lungs and that the experimental bacteremia occurred because of increased 
permeability of these membranes induced by the virulence and toxigemcity of the 
bacteria From the Authors’ SuMM'tRi 


The Specificity of the Conjunctival Iniection in Monkeys Following 
Inoculation with Trachomatous Tissue E W Harrison, J Infect Dis 
56 49, 1935 

It has not been possible to induce folliculosis m monkeys nonspecifically by 
mechanical or chemical irritation Follicles have not appeared after inoculation 
with a variety of bacteria isolated from patients with trachoma and other ocular 
diseases Repeated inoculations with bacteria and protein solutions continued long 
enough to establish hypersensitive responses have failed to induce follicle formation 
Inoculation with tissue from patients with acute conjunctivitis, spontaneous folhcu- 
losis and inactive trachoma failed to elicit a follicular response in monkeys In 
animals recovered from infection by inoculation with trachomatous tissue, follicular 
hypertrophy was induced only by reinoculation with trachomatous material 
Monkeys which did not react to nonspecific stimuli subsequently acquired typical 
follicles when inoculated with active trachomatous material These findings indicate 
that the experimental disease m monkeys is specific for trachoma 

From the Author’s Summary 


Coccus Forms of Cor\nebacterium Diphtheriae T C Grubb J Infect Dis 
56 64, 1935 

An irregular alternation between the appearance of bacillary and that of coccus 
forms of the diphtheria bacillus was found when it was aged or repeatedly trans- 
ferred in various mediums A small colony variant, or ‘G” colony, was observed 
which did not appear to be related to a life cycle or to the production of coccus 
forms Coccus forms of certain strains were produced at will bj' growing the 
strains in liver infusion mediums These cocci reverted to bacilli when transferred 
to favorable mediums A direct microscopic observation on the warm stage was 
made of the bacillus-to-coccus and coccus-to-bacillus change The virulence, toxi- 
genesis and fermentation reactions of the coccus forms could not be satisfactonlj. 
determined The differentiation of diphtheria and diphtheroid strains on liver infu- 
sion agar was not cleancut enough for diagnostic purposes When methods 
employed by other workers for producing coccus forms were successfully duplicated, 
the resulting cocci were morphologically indistinguishable from those produced in 
liver infusion mediums The addition of glycogen, dextrose or bile to veal infusion 
broth did not induce the formation of coccl 

From the Author’s Summ‘\r\ 


The Pathogenicity for Cattle of Bruceila Strains from Undulant Fever 
in Man R R Birch and H L Giiman, J Infect Dis 56 78, 1935 

Strains of Brucella isolated from patients with typical undulant fever proved 
regularly to be pathogenic for cattle, producing in them a sydrome indistinguish- 
able from that which occurs in natural cases of Brucella infection otherwise known 

as infectious abortion „ a t r- 

PROM THE Authors Conclusion 


Thf Spread of Aeiebic Dysentery by Water A Y Hardy and B K Spector 
Pub Health Rep 50 323, 1935 

During the stockvards fire in Chicago m May 1934 water heavily polluted with 
fresh sewage was used for drinking purposes by many firemen and spectators 
There followed a large but undetermined number of cases of acute diarrhea sixty- 
nine of tjphoid fever and two of paratyphoid fever Laboratory studies revealed 
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that a high percentage of those exposed had become infested with Endamoeba 
histolytica, and the more severe the symptoms, the higher the percentage Six 
cases of undoubted amebic dysentery, two complicated with abscess of the liver, 
were recognized among those exposed Six other mild diarrheas (one m a fireman 
and five m spectators) were also diagnosed as amebic dysentery and reported to 
the board of health The evidence has led to the opinion that many of the other 
illnesses with intestinal symptoms were also the result of E histolytica invasion 

Therefore it is concluded that infestations with E histolytica may occur in 
association with water-borne epidemic diseases, and, furthermore, that the control 
of amebic dysentery demands that water for human consumption be free from 
dangerous protozoal as well as from bacterial contamination 

From the Authors’ Summarv 

The Experimentai Productiox or Mumps in Monkevs G M Fixdlay and 
L P Clarice, Brit J Exper Path 15 309, 1934 

Bacteriologically sterile salna taken from a patient with mumps forty-eight 
hours after the onset and injected directlv into Stensen’s duct in rhesus monkeys 
produces a mild febrile reaction, swelling of the parotid glands and histologic 
changes verv similar to those seen in human mumps There is also a leukopenia 
The virus has been passed through monkeys six times It can be preserved in 50 
per cent glj'^cerm for at least five weeks Injection of the virus into the tunica 
vaginalis of a monkey causes a nonsuppurative orchitis Mice, rats and guinea- 
pigs inoculated intracerebrally did not present anj s>mptoms 

Authors’ Summary 

The Experimextal B Virus Disease in Macacos Rhesus Monkeys A B 
Sabin, Bnt J Exper Path 15 321, 1934 

The B virus is pathogenic for rhesus monkeys and has been transmitted through 
four generations by intracerebral inoculation Intracerebi al inoculation of the virus 
is usually fatal, and gives rise to various clinical syndromes The most striking 
features of the disease following intravenous inoculation of the virus are an 
exanthem (chiefly about the forehead, eyes and face) and an enanthem (in the 
buccal mucous membranes, tongue, palate, conjunctivae) which closely resemble 
the picture produced by intravenous inoculation of vaccinia m rhesus monkeys 
Intracutaneous injection of the virus is followed by acute inflammation with necrosis, 
which may be hemorrhagic or vesiculopustular Macroscopicallj’^ the lesion bears 
some resemblance to that produced b}-^ vaccinia, but microscopicallj'^ it is readily 
differentiated from the latter by the presence of acidophilic intranuclear inclusions 
m the epithelial cells and bv the absence of Guarnien bodies Intraperitoneal 
injection of the virus gives rise to acute peritonitis with occasional invasion of 
some of the abdominal viscera In monkeys peripheral inoculation of the virus 
does not lead to any apparent involvement of the central nervous system, and in 
this respect the virus lacks one of its most striking and constant properties in 
rabbits Among 13 “normal” monkey serums, only one was found to contain 
antibodies for the B virus, and the titer of this one was as high as that of the 
best hy'penmmune serum , on this basis it is believed that the monkey may' at 
one time have had a natural B virus infection Similarly, the opinion is expressed 
that the reason for the failure to establish this virus in rhesus monkeys m New 
York IS that the majority of them were immune probably as a result of natural 
infection, and that the human disease from which the B virus was isolated was 
caused by' the bite of a monkey which was infected with it 

From the Aetthor’s Su^imari 
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Encephalomyelitis Produced by Neurotropic Yellow Fever Virus G AI 

Findlay and R O Stern, J Path & Bact 40 311, 1935 

The neurotropic yellow fever virus produced m susceptible animals (a) an 
inflammatory reaction m the central nervous system, (ft) degenerative changes m 
the nerve cells and (c) acidophilic intranuclear inclusions The inflammatory reac- 
tion was characterized by infiltration with mononuclear cells and proliferation of 
the microglia Degenerative changes m the ganglion cells were present m all 
stages and ranged from slight swelling of the cell body to neuronophagia with 
complete disintegration of the cell Specific acidophilic intranuclear inclusions were 
seen only m ganglion cells which had not undergone extensive degeneration and 
never in cells exhibiting neuronophagia The inclusions did not stain with the 
Feulgen technic Demyehnation was nowhere observed 

From the Authors’ Conclusions 

Differentiation of Streptococcus Pyogenes from Man and Animals by the 
Sorbitol-Trehalose Test F C Minett, J Path & Bact 40 357, 1935 

Examination of a series of strains of Str pyogenes from man and from cow’s 
milk has given support to the view that strains of this kind from man are trehalose 
fermenters, while those from cow’s milk are ordinarily sorbitol fermenters Con- 
sidered in conjunction with the work of previous observers, the sorbitol-trehalose 
test thus appears to be a simple method of establishing the original source of 
Str pyogenes when present in milk Apart from Streptococcus equi, ten of twelve 
strains isolated from equines fermented sorbitol and not trehalose Judged by 
the methylthionme chloride reduction test, however, the two remaining strains were 
probably of animal type Eleven of the twelve strains from dogs, cats and ferrets 
fermented neither sorbitol nor trehalose but differed from Str equi in fermenting 
lactose Attention is again called to a group of streptococci found in milk which 
ferment both trehalose and sorbitol These streptococci, however, although they 
are actively hemolytic and fail to split sodium hippurate, should be excluded from 
the Str pyogenes group Author’s Summary 


Tumors 

A Review of the Recent Literathre of Tar Cancer (1927-1931 Inclusive) 
M G Seelig and Z K Cooper, Am J Cancer 17 589, 1933 

Our purpose, in this paper, is to bring, within convenient and compact form, 
the literature of tar cancer up to the beginning of 1932 William H Woglom 
(Arch Path 2 533, 1926) collected and abstracted the literature of tar cancer 
from the epochal work of Yamagiwa and Itchikawa m 1914 down to the end of 
1926 Woglom’s work not only constitutes a practical lexicon for all workers in 
tar cancer, but also makes it imperative that the encyclopedic topic of tar cancer 
be brought down to date, however trying and uninspiring may be the task of 
collective abstracting Authors’ Summary 


Multiple Myeloma E Scott, F M Stanton and M Oliver, Am J Cancer 
17 682, 1933 

To the 425 cases of multiple myeloma already collected from the literature by 
Geschickter and Copeland, we have added 30 cases from the recent literature and 
5 cases of plasma cell multiple myeloma occurring in our series of autopsies 
From a study of maturation stages in fast-growing myelomas and their similarity 
to experimentally produced plasma cells, we consider it probable that the tumor 
plasma cell is a derivative of the reticular cell of the hematopoietic and general 
connective tissues and is closely related to the lymphocyte series 

Authors’ Summary 
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Genetic Studies on the Transplantation of Tumors J J Bittner, Am 
J Cancer 17 699, 709, 717 and 724, 1933 

The tumors inoculated m these experiments arose spontaneously and inde- 
pendently of each other in a single host This mouse, no 19308, was an Fi hybrid 
animal produced by mating individuals of two highly inbred stocks of mice, the 
albino and the dilute brown All tumors were diagnosed as adenocarcinomas of the 
mammary gland They ivere termed 19308 A, B and C and were inoculated 
simultaneously into individuals of the two parental stocks and their reciprocal 
Fi, F; and back-cross generations The total number of mice inoculated was 4,375 
Mice of the parental stocks gave negative results in grafts of tumor 19308 A, 
whereas in the Fi generation 99 6 per cent of the animals inoculated were 
susceptible The respective reciprocal hybrid generations gave differences which 
were not mathematically significant, the Fa generation, observations which, when 
compared with expectations, showed that tumor 19308 A required the simultaneous 
presence of eight dominant mendelian factors for progressive growth, one of which 
was linked with the dilution color factor Five of the susceptibility factors were 
derived from the dilute brown parental stock and three from the albino parental 
stock 

Tumor 19308 B grew progressively in all mice having the seven dominant 
mendelian factors necessary for susceptibility One of the factors was linked with 
the dilution color factor Three of the factors were contributed by the albino- 
race The number derived from the dilute brown stock was between four and five 
Two dilute brown males (litter-mates) grew tumor 19308 B 

Tumor 19308 C also required seven dominant factors for susceptibility, one of 
which was linked with the dilution color factor Two or three of the susceptibility 
factors were derived from the albmo stock and between four and five from the 
dilute brown stock 

Since tumors 19308 A, B and C were transplanted simultaneously, the observa- 
tions were compared and an attempt was made to determine the number of 
susceptibility factors common to all three tumors This number was probably five 
The value of the transplantation of neoplastic tissue still remains to be deter- 
mined It does show, however, that, on the simultaneous inoculation of multiple 
tumors from a single host, the physiologic and genetic constitution of some tumors 
IS not identical with that of the host which gave rise to them 

Data secured from the transplantation of neoplastic tissue may aid m under- 
standing the problem of cancer if one assumes that (1) the etiologic factors may 
be due to hereditary or environmental causes, (2) cancer, if inherited, may be 
explained according to multiple dominant factors, (3) the physiologic charac- 
teristics of each cancer are determined by its genetic constitution, and (4) multiple 
neoplasms from a single host may be the same histologically but differ genetically 
and physiologically Author’s Summary 


On the Ambivalent Effect of a Single Acutf Trauma on the Growth of 
Transplanted Mouse Tumors M C Marsh, Am J Cancer 17 735, 1933 

Sixty-three transplanted mouse tumors were crushed by one sudden pressure, 
and their subsequent growth was frequently measured A sharp difference appeared 
between the reactions of smaller and larger tumors The twenty-nine tumors that 
were 4 mm or less m diameter were not inhibited to a significant degree The 
thirty-four tumors above 4 mm were stimulated in a degree that is probably 
statistically significant When all increments of growth were combined and averaged 
the stimulation was nominal There were seventy-one control tumors 

Author’s Summary 

Embrvonal Nephromv in a Sheep W H Feldman, Am J Cancer 17 743, 
1933 

The occurrence of an embryonal type of renal tumor in an 8 months’ old sheep 
IS reported The tumor, which is designated as an embryonal nephroma, had 
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metastasized to the sublumbar lymph nodes and to the lungs Although this type 
of neoplasm is not uncommon in chickens and swine, and has been reported in 
rabbits and in cattle, it apparently has not been reported previously in sheep 

Author’s Summary 

Absorption of the Protective Agent prom Rats Resistant to a Trans- 
plantable Sarcoma William H Woglom, Am J Cancer 17 873, 1933 

Frozen and thawed rat sarcoma 39 which has lam for a few days in the sub- 
cutaneous tissues of an immune rat accumulates from them a substance which 
is not present in normal rats, and then exerts an inhibitory effect on the groiyth 
of this neoplasm when mixed with it prior to inoculation As the cells of R 39 
are killed by freezing and thawing, it may be fairly said that the suppressing 
agent m immune rats has been separated from the living cell, though not from 
living protoplasm Author’s Summary 


Genetic Factors in the Etiology of Malignant Tumors M R Curtis, 
W F Dunning and F D Bullock, Am J Cancer 17 894, 1933 

Possibly when more is known about the etiology of other tumors (besides 
cysticercus sarcoma) for which there appears to be an inherited susceptibility, 
and when the expression of genetic factors m the cells and tissues is better under- 
stood, it will be found that in the case of all neoplasms, in all species, the initial 
cellular change occurs by a process analogous to somatic mutation, and that 
hereditary factors determine this change only so far as they influence longevity 
and the susceptibility of a person to some specific irritant or condition which is 
favorable to mutation Authors’ Summary 


The Potassium Content of Benign Uterine Tumors L C Scott, Am J 
Cancer 17 924, 1933 

The means of potassium and ash were found to be 0166 and 0 913 Gm per 
hundred grams of moist tissue in ninety-eight benign uterine tumors, while the 
mean of moisture was 79 58 Gm per hundred grams in ninety-seven tumors The 
correlation coefficients were significant for potassium-ash and potassium-water, but 
not for water-ash The mean, median and mode for potassium were the same 
for the ninety-eight tumors, taken collectively, and for forty-three tumors selected 
according to their macroscopic appearance and representing the usual type of 
tumor encountered The potassium content of uterine fibromyomas is, m general, 
not in excess of that of normal tissue, in fact, the mean of ninety-eight tumors 
indicates that it is usually somewhat less Author’s Summary 


Quantitative Behavior or Prolan A in Teratoma Testis R S Ferguson, 
Am J Cancer 18 269, 1933 

A series of 117 consecutive cases of teratoma testis in which the quantitative 
excretion of prolan A has been studied is reported The technic for the quantitative 
estimation of prolan A m the urine is described The patient with teratoma testis 
will excrete from 50 to 50,000 mouse units of prolan A per liter of urine, depending 
on the embryonal character of the tumor, the extent of the disease and the status 
as regards treatment Irradiation of the primary tumor and its metastases causes 
a decrease in the excretion of prolan A in the urine Local recurrence or metastasis 
IS accompanied by an increase in the excretion of prolan A in the urine, frequently 
before clinical detection of the lesion is possible Serial observations at frequent 
intervals while the patient is under active treatment by irradiation give important 
prognostic information Observations at autopsy reveal the important relation 
between the hormone of the anterior lobe of the pituitary and epithelial hyper- 
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plasia in the genital organs of the male, particularly the prostate and seminal 
vesicles The significance of these observations is briefly discussed 

Author’s Sujimary 

The Relation of Heredity to Cancer Occurrence as Shown in Strain 73 
Maud Slye, Am J Cancer 18 535, 1933 

From consistent results obtained in this laboratory during twenty-three years 
and involving over 116,000 autopsies, the general trend indicates two facts clearlj 
1 The genetic difference between susceptibility and immunity to cancer involves 
one gene, that is, they are unit characters 2 In the stock in this laboratory 
susceptibility to cancer behaves like a recessive immunity, like a dominant 

Author’s Summary 

The Influence of Hormones on the Growth of Carcinoma, Sarcoma, 
AND Melanoma in Animals K Sugiura and S R Benedict, Am J 
Cancer 18 583, 1933 

An investigation has been made of the effect of insulin, thyroxin U S P , para- 
thyroid extract, epinephrine, theelin, theelol, emmenin, aqueous and alcoholic 
extracts of calf thymus, aqueous, alcoholic, ether and glycerin extracts of supra- 
renal cortex (sheep and cattle) and aqueous and alcoholic extracts of beef pituitary 
gland on Flexner-Jobhng rat carcinoma, Jensen rat sarcoma, Seguira rat sarcoma, 
Gye mouse sarcoma 37, a transplantable mouse melanoma and Rous chicken 
sarcoma 1 The repeated subcutaneous or intramuscular injection of the hormones 
or the extracts of endocrine organs had no curative or retarding influence on the 
growth of transplanted tumors Injection of aqueous extracts prepared from whole 
pituitary glands or from the anterior lobes had a slight but distinct stimulating 
effect on the growth of mouse melanoma and Seguira rat sarcoma In the other 
tumors mentioned in this paper no stimulating action was observed None of 
the other endocrine organ extracts or hormone preparations exerted any demon- 
strable accelerating influence on tumor growth Authors’ Summari 

Multiple Myeloma Norbert Enzer and Benjamin Lieberman, Ann Int Med 
8 1062, 1935 

A case of multiple myeloma with features simulating hyperparathyroidism is 
reported The possible role of the parathyroid glands in myelomatous and other 
generalized bone diseases is considered In the case reported, atrophv of the para- 
thyroid gland was encountered, and secondary or functional hyperparathyroidism 
IS questioned In both myelomatosis and hyperparathyroidism there is a distur- 
bance of the calcium balance From the Authors’ Svmuar\ 

The Effect of Malignant Tumours on the Hypophysis C S McEuen, 
H Selye and D L Thomson, Brit J Exper Path IS 221, 1934 

In agreement with previous workers we have observed vacuolation and other 
histologic changes in the anterior lobe of the hypophysis in rats bearing trans- 
plantable tumors Since, however, we have produced similar changes by intra- 
pentoneal implantation of kidney tissue it is concluded that the changes produced 
by transplantable tumors are not necessarily related to the malignant growth as 
such but are at least partly due to decomposition of tissue m the necrotic centers 
of the tumors From the Authors’ Summary 

Nucleus-Plasma Relation or Cerebral Gliomas K Schaffer, Beitr z 
patli Anat u z allg Path 92 199, 1933 

After a brief discussion of the classification of cerebral gliomas offered by 
Bailey and Cushing, Schaffer describes and pictures giant nuclei seen m spongio- 
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blastomas Such nuclei indicate a nucleus-plasma relation altered in favor of the 
nucleus This nucleus-plasma relation is evidence of extreme anaplasia or dediffer- 
entiation and of neoplastic proliferation brought about by the abnormally active 
nucleus Alteration of the nucleus-plasma relation in favor of the cytoplasm, 
the nucleus remaining passive, indicates a benign reaction of the gha to noxious 
agents of various kinds In many glial tumors the nucleus-plasma relation may be 
altered in some cells in favor of the cytoplasm and in other cells in favor of the 
nucleus but without the formation of giant nuclei, cells with such a variable 
nucleus-plasma relation are termed dysgenetic O T Schultz 

Vertebral Chordoma O Simon, Deutsche Ztschr f Chir 241 805, 1933 

Vertebral chordoma is the rarest of the three types of chordoma, cranial, caudal 
and vertebral Five cases of the vertebral type are reviewed from the literature, 
and one new case is reported This occurred in a woman aged 57 The tumor 
grew from the anterior surfaces of the cervical vertebrae The growth, which 
recurred after removal, was lobulated and divided by septums from the capsule 
It was made up of small polygonal cells and larger cells with vaculoated plasma 
Vertebral chordoma may arise from remains of the notochord within the vertebral 
body, it may grow intravertebrally or antevertebrally 


Skin Carcinoma in a Scar Protected with Insuiating Tape W Bungeler, 
Munchen med Wchnschr 81 1619, 1934 

Within four months a squamous cell carcinoma developed in a scar (burn) on 
the back of the hand of a man aged 43 years This rapid development is ascribed 
to the use of tape containing tar By using benzine as a cleansing agent, the 
patient had satisfied the conditions for producing experimentally a tar carcinoma 
of the skin Author’s Summary 


A Mesoglioma of the Brain W K Belezky, Virchows Arch f path Anat 
290 450, 1933 

In previously abstracted articles Belezky has presented the evidence that led 
him to conclude that the portion of the glia which is composed of ohgodendrogha 
and Hortega cells is mesodermal in origin This constituent of nervous tissue he 
terms “mesogha” to distinguish it from the ectoglia of ectodermal origin In this 
communication he describes the histology of a diffusely growing, infiltrative tumor 
of the left cerebral hemisphere of a youth aged 17 years This tumor he believes 
to have arisen from the mesogha , hence he terms it “a mesoglioma ” He bases 
his opinion on the following characteristics, which indicate an origin from mesogha 
marked polymorphism of the cells , the presence of giant cells , the relationship 
of the tumor tissue to the numerous vessels of the tumor , the relation of the tumor 
cells to the walls of the vessels and the origin of those cells from the cells of 
the \ essel wall , the presence of histiocytes, and the morphology and staining 
reactions of the tumor cells In the classification of Bailey and Cushing the tumor 
would belong in die oligodendroglioma group, but Belezky disagrees with these 
and other authors that such tumors are of ectoghal origin q j Sch l 


S A Bernstein, Virchows 


IX\OLVEMENT OF CrANIAL BoNE IN MeNINGIOMA 

Arch f path Anat 290 500, 1933 

Fcrnstein presents the results of a microscopic study of the changes in cranial 
bone brought about by dural endothelioma or meningioma The work was done 
in Erdheim’s laboratory and is based on six tumors of the convex surface of 
the brain, five with and one without osseous involvement, and seven basal tumors 
of which two Mere associated with involvement of bone The malignant menin- 
giomas consist of three parts, a subdural, a dural and an intra-osseous part The 
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tumor invades the bone by the channels that carry the vessels, evoking a fibro- 
plastic and osteoplastic reaction that precedes the invading tumor tissue Tumors 
of the convex surface lead to thickening of the adjacent invaded bone by a laminated 
osteophytic layer, which may be present externally as well as internally Tumor 
cells may disappear from the sclerotic and condensed bone The blood vessels 
may be obliterated by the fibrotic process, resulting in necrosis of bone Diffusely 
growing tumors may spread more widely and more rapidly m the bone than in 
the dura, and may penetrate the pericranium The invading bas^I tumors caused 
sclerosis of bone but did not lead to thickening of the bones as did the tumors of 
the vault In the basal tumors the invading tumor tissue itself formed bone An 
appended note refers briefly to a benign meningioma that caused osteoporosis and 
absorption of the overlying bone n m c 


Cranial Chordoma K G Kling, Acta path et microbiol Scandinav, supp 16, 
1933, p 194 

A 45 year old woman died of pulmonary tuberculosis complicated by vague 
neurologic symptoms, particularly muscular atrophy At autopsy there was found 
a tumor the size of a goose egg in the right posterior cranial fossa It was made 
up of physaliphores (Virchow) These cells, which were in various stages of 
development, were arranged m islands and lobules The tumor was limited bv a 
capsule and had apparently grown gradually and slowly Jacob Kiein 


Malignant Mixed Tumor or a he Uterus Ragnar Olinder, Acta path et 
microbiol Scandinav, supp 16, 1933, p 314 

A 52 year old woman with menorrhagia was found to have a mixed tumor 
in the posterior wall of the corpus uteri Microscopic examination showed the 
tumor to consist of a mixture of epithelial, sarcomatous and cartilaginous cells 
Recurrence showed it to be malignant Jacob Klein 

« 

Papillary Svringocystadenomatous Nevus and Its Relation to Malig- 
nancy O Reuterwall, Acta path et microbiol Scandinav, supp 16, 1933, 
p 376 

Four cases of this congenital type of cystadenomatous papillary tumor of the 
sweat glands are reported The origin from sweat glands is determined only after 
microscopic examination Malignant transformation of such tumors is of interest 
There are groups of epithelial cells which have become separated during embryonic 
development and are often exposed to chronic irritation In case 4 of this report 
biopsy showed an area of typical basal cell cancer with parakeratotic pearl forma- 
tion Another case is described from the literature Jacob Klein 


Congenital Partly Malignant Neoplasm of the Sciatic Nerve with 
Consecutive Elephantiasis K Groth, Acta path et microbiol Scandinav 
11 44, 1934 

In a new-born boy the entire right sciatic nerve from the origin to the ends 
of the branches was the site of a mixed tumor of mesodermal origin The tumor 
contained cartilage and was in parts sarcomatous In the intradural part of the 
nerve were three nodules consisting of convoluted nerve fibers and fibroinatous 
tissue The case shows that primary tumors may develop in the peripheral nerves 
from the connective tissue of the nerve without the involvement of the sheath of 
Schwann Groth reviews sixty-six recorded cases of congenital sarcoma and finds 
no previous instance of primary congenital sarcoma in the peripheral nervous 
system The cause of the elephantiasis, which was predominantly Iipomatous, 
appears to have been a disturbance of the circulation of the extremity due to 
pressure on the common iliac vein by the tumor 
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Heterotypical Epithelial Tumors or the Salivary Glands Aarno 
Snellman, Arb a d path Inst d Univ Helsingfors 7 419, 1933 

Eight cases of heterotypical tumors of the salivary glands are reported, with 
clinical and microscopic details Measurements of nuclei and nucleoli tended to 
indicate that greater size of the nucleoli was associated with greater malignancy 
and cellular anaplasia The microcentrum and the number of centrioles also 
reflected to some extent the degree of malignancy The morphology and localiza- 
tion of the Golgi apparatus and the chondriosomes seemed in no way related to the 
degree of malignancy The adenomatous structure, the cell function, the size of 
the nucleus and of the nucleoli and the morphology of the cells tend to place the 
growths in the same group as the mixed tumors Jacob Ki ein 


Medicolegal Pathology 

Fatal Ethylene Dichlorid Poisoning W C Hueper and C Smith, Am J 
M Sc 189 778, 1935 

Ethylene dichlonde, known since 1795 and first used as an anesthetic, has 
recently come into widespread commercial use as a solvent and cleaning fluid A 
patient who drank 2 ounces (59 cc ) of this liquid died within twenty-two hours 
Stupor, vomiting, diarrhea, cyanosis and subnormal temperature were the out- 
standing clinical symptoms Death was apparently caused by circulatory failure 
The ingested substance caused an extensive hemorrhagic colitis, nephrosis with 
marked tubular calcifications and generalized passive congestion of the internal 
organs besides multiple perivascular hemorrhages in the region of the cerebral 
basal ganglions 

the Authors’ Summary 


Traumatic Rupture of the Heart and Intrapericardial Structures S Z 
Hawkes, Am J Surg 27 503, 1935 

This IS a report of a study of seventy cases of injury to the heart and great 
vessels within the pericardium occurring in 2,708 deaths due to accidents Such 
injuries may occur without fractures or visible evidence of external injury to the 
chest In four cases the cardiac injury alone was responsible for death, m the 
other 66 cases there were associated ruptures of the lungs, liver, spleen or a hollow 
viscus or fracture of the skull or spine Max Lederer 


Medicolegal Applications of Blood-Grouping, with Special Reference to the 
Agglutinogens M and N of Landsteiner and Levine A S Wiener, 
Canad M A J 32 393, 1935 

Blood grouping is of proved value in medicolegal cases of disputed paternity 
Its application is based on experimental investigations of families involving tens 
of thousands of persons Its reliability has also been established in various 
European countries in more than ten thousand medicolegal cases in which it has 
been applied In this country the method has thus far been applied only in a 
small number of cases, and its introduction as a routine procedure in all cases 
of disputed filiation is urged Blood grouping has also proved useful in criminal 
cases in which stains of blood, semen or saliva were found 

From the Author’s Summary 


Rupturf of the Diaphragm Following Slight Trauma K R T^ttersait 
and E B Harvfv, Bnt M J 1 879, 1935 

A man was struck by a lorry Four ribs rvere fractured , there were signs of 
left hemothorax and shortly after admission to the hospital signs of intra-abdommal 
disturbance He died the next dav The autopsy showed a tear m the left side 
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of the diaphragm about 4 inches (30 cm ) long through which the kidney had been 
forced , the spleen was ruptured in four places, and there were fractures of anterior 
fossae at the base of the skull With all these severe injuries there were no 
external marks of violence on the bod^'- Max Leder 


Red Coloration of the Body in Barbituric Poisoning F Dervieux et al, 
Ann de med leg 14*443, 1934 

Attention is called to the fact that m some cases of barbituric poisoning there 
may be a more or less widely spread rosy red coloration of tlie body after death 

The Cause of the Deaths Associated with the Fog in the Xalley of the 
Meuse J Firket, Ann de med leg 15 2, 1935 

The illnesses and deaths attributed to the fog which collected over the valley 
of the Meuse in 1930 were associated with increased concentration of sulphurous 
anhydride m the atmosphere In industrial cities greater concentrations of 
sulphurous anhydride are expelled into the atmosphere, but the gas is constantly 
driven away by numerous sources of heat, thus preventing the formation of a fog 


Intravascular Migration of Projectiles E Curtillet, J de chir 44 715, 
1934 

A case is described of a bullet wound in the pit of the stomach followed by 
migration of the bullet into the left femoral artery, from which it was removed 
successfully some weeks afterward The cases of intravascular migration of pro- 
jectiles recorded in the literature are reviewed and classified 


Precipitating Antihemoglobin Serum in the Diagnosis of Blood Stains 
B Balotta, Boll d Soc ital dt biol sper 9 934, 1934 

Good results were obtained with antihemoglobm precipitin serum, human or 
animal, m the diagnosis of blood stains The reactions were specific No pre- 
cipitates were formed when the antihemoglobm serum was mixed with sperm, bile 
or other protein-contaimng substances free from hemoglobin Spots several years 
old gave good reactions Similar results have been obtained with hemoglobin 
precipitms in identification of blood by Hektoen and Schulhof (/ Inject Dis 
33 224, 1923) 

Relation Between the Subgroups and Transfusion Reactions N Blinov, 
Deutsche Ztschr f Chir 243 400, 1934 

Blinov studied 550 cases from the standpoint of the subgroups of blood group 
A and blood group AB The ratio of subgroup Ai to subgroup A» was found 
to be 4 1, and of AiB to A-B, 13 1 There were no fatal reactions when Ai 
blood was given to persons with As blood, but stronger reactions were obtained, 
on the whole, than when blood of the homologous subgroup was used 

A S Wiener 

Technic of Demonstrating the Properties M and N H Elbel, Deutsche 
Ztschr f d ges gerichtl Med 24 242, 1935 

Elbel has adopted the method suggested by Lattes of absorbing the diluted 
immune rabbit serum with boiled enthrocytes when preparing specific testing 
fluids This method, he thinks, has the advantage that it is possible to obtain 
colorless testing fluids Howeier, m my experience, it is possible to obtain prac- 
tically colorless testing fluids even when fresh cells are used if the immune serums 
are properly inactnated before performing the absorption Besides, if the testing 
fluid has a slight pink tinge, this in no way interferes with the tests, but rather 
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has the advantage that it serves to identify the testing fluid And, as Elbel points 
out, boiled erythrocytes have lesser absorbing power than fresh blood, so that 
much more blood is needed, and the preparation of the testing fluids is more 
tedious since several absorptions are necessary 3 Wiekeh 

Group Specipic Substances in Fresh Human Milk and in Milk Stains 
G Strassmann and K Reisfeld, Deutsche Ztschr f d ges genchtl Med 
24 330, 1935 

Tests for the presence of iso-agglutmins in fresh human milk yielded the 
following results In twelve of nineteen specimens from group O persons both 
iso-agglutinins were demonstrable , in one only the anti-A agglutinin , in one only 
the anti-B agglutinin In five neither iso-agglutinin was demonstrable Tests 
for the group-specific substances in milk stains gave the following results With 
none of seventeen stains from group O persons was nonspecific absorption observed, 
and m twelve of thirteen stains from group A and group B persons the corres- 
ponding group-specific substance was demonstrable In the case in which the 
group-specific substance could not be demonstrated, the stain was taken from a 
“nonsecretor ” A S Wiener 

Errors in Technic in Forensic Blood Grouping Test A Lauer, Med Welt 
8 933, 1934 

The adoption by the courts of the tests for M and N in cases of disputed 
parentage doubled the chances of proving nonpaternity by blood tests Many men 
who had not been excluded by tests previously made for the four classic Land- 
steiner blood groups applied for the newer M and N test in order to take advantage 
of the additional chance of exonerating themselves that these tests offered Lauer 
thus had the opportunity of checking some of the results obtained by previous 
workers, and he found that in as many as eight cases errors in technic had been 
made despite the relative simplicity of the ordinary blood grouping tests In not 
one of the cases in which errors had been made was the person who made the 
tests a serologist Furthermore, the tests had been made with commercial serum, 
adequate controls had not been used, and the results had not been properly checked 
by testing each unknown serum against known cells Errors of this sort can serve 
only to shake the confidence of the courts in these valuable tests Of course, the 
difficulty IS not with the tests but with the persons who make the tests It is 
therefore essential, especially with the more difficult tests for M and N, to permit 
only properly qualified persons to perform the tests in medicolegal cases 

A S Wiener 

Embolic Transmission of a Rubber Catheter into the Heart in Abortion 
J Blah A, Zentralbl f Gynak 59 746, 1935 

A woman requested a medical examination because on the previous day she 
had attempted an abortion by means of a rubber catheter There was a perfora- 
tion of the cervix Laparotomy was resorted to, but a catheter could not be found 
Curettage disclosed that there had been an incomplete abortion, and it was assumed 
that the catheter had induced the abortion and had been expelled without the 
woman noticing it Sepsis developed and the woman died on the seventh day 
At necropsy the lower, rough end (evidently broken off) of the catheter, winch 
was 23 5 cm long and 4 mm thick, was detected in tlie inferior vena cava near 
the diaphragm From there the catheter extended through the right auricle, the 
superior rena car a and the innominate vein into the left common jugular vein, in 
which the upper, smooth end of the catheter was found several centimeters above 
the clavicle A comparison of the conditions at necropsy with the clinical course 
indicates that, following perforation of the cervix, the catheter must have entered 
a wide vein of the uterine plexus, from which it slipped directly into the right 
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hypogastric vein and into the inferior vena cava It may be deduced from a number 
of symptoms that the catheter reached the heart on the fifth day following its 
introduction into the uterus At any rate the catheter must have been m the heart 
for about forty-eight hours without causing severe impairment of the heart action 
The author reviewed the literature on foreign bodies in the heart and found that 
in the majority of cases the foreign body was a projectile He thinks that the 
reported case is the first one m which such a large foreign body entered the heart 
by embohc transmission He reviews cases from the literature in which a catheter 
disappeared following introduction into the uterus In some cases the catheter was 
extracted from the uterus, in others it entered the retroperitoneal tissue and was 
later extracted from an abscess, in others it entered the preperitoneal tissue and 
caused an abscess in the anterior abdominal wall, m others it entered Douglas’ 
pouch, and in a considerable number of cases it entered the free abdominal cavity 
and produced diffuse peritonitis 


Examination for Alcohol in Persons Injlrld in Accidents J Hixdmarsh 
and P Linde, Acta chir Scandinav 75 198, 1934 

At a hospital m Stockholm persons injured by accidents and admitted to the 
surgical clinic in the course of twelve months were subjected to a special exam- 
ination with a view to finding out whether there had been any consumption of 
alcohol The clinical examination was at times difficult on account of the patients’ 
injuries It was supplemented, however, by determination of the alcohol m the 
blood by Widmark’s micromethod It seems to the authors that this method is 
well suited for clinical use It is emphasized, however, that difficulties may be 
encountered in making the test with patients affected by shock In the present 
material good agreement is shown to exist between the clinical diagnosis and the 
alcohol content of the blood The influence of alcohol even in low concentrations 
has generally been recognized Widmark’s earlier data on this point are discussed 
It IS emphasized that in cases of severe injuries one must often refrain from form- 
ing a judgment of the victim’s state of sobriety Accidents under the influence 
of alcohol are of common occurrence in traffic It has been shown that also in the 
case of accidents during work a considerable amount of alcohol has sometimes been 
consumed On admission to the hospital 41 per cent of all males injured in accidents 
(283) had alcohol in the blood, and of these as many as two thirds had more 
than 1 part per thousand Those injured in traffic (115) showed about the same 
rate Accidents under the influence of alcohol are commonest among more elderly 
people Furthermore accidents tend to accumulate over week-ends and m relation 
to bank holidays It is stated as a noteworthy fact that more than half of those 
who have overturned in driving a car or a horse, or who have fallen out of 
vehicles, or who as pedestrians have been knocked down, have had alcohol in the 
blood This supports the view that in traffic accidents it is not only the driver of 
the vehicle who should have his state of soberness tested but also the injured 
persons From the Authors’ Summarv 

Results Obtained from Medicolegal Application of the MN and Four Gene 
Theories E Wolff and B Jonsson, Acta path et microbiol Scandinav 
12 131, 1935 

This excellent analysis of the theories as to the heredity of the blood groups 
and the MN types is based on data accumulated from a study of 600 cases of dis- 
puted paternity The blood specimens were sent from all parts of Sweden, and it 
was shown statistically that the material was homogeneous from the standpoint 
of the distribution of the agglutinogens Among the 1,200 adults tested, 37 92 per 
cent were of group O, 36 92 per cent of subgroup Ai, 9 75 per cent of^subgroup A-, 
10 33 per cent of group B, 3 92 per cent of subgroup AiB and 1 17 per cent of 
subgroup AsB Furthermore, 36 08 per cent belonged to type M, 47 per cent to 
Ijpe MN, and 16 92 per cent to type N Hence, p -f- q -f- r = 1 00144 ± 0 00400, 
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and does not differ significantly from unity This test combined with a special 
analysis of the data in groups of 50 persons each supports the Bernstein theory 
of heredity of the blood groups Furthermore, m + n = 1 01200 ± 0 01443, so 
that the data also support the theory of Landsteiner and Lev me as to the heredity 
of the agglutinogens M and hi Additional special statistical tests add further 
support to these theories, and also Thomsen’s theory of the hereditv of subgroups 
of group A and group AB With special regard to the agglutinogens M and N, 
"/W morners with 732 children were examined, but not a single exception to the 
theory of Landsteiner and Levine was found In all, 5,835 mothers with 7,759 
children have been studied by various investigators thus far The authors there- 
fore believe that exclusions of paternity based on the MN theory should be con- 
sidered on the same level as those based on Bernstein’s theory More caution is 
required when applving Thomsen’s theory, since the subgroups have not been as 
thoroughly studied yet A S Wiener 

Incompatibility of the Blood of the Same Group Depending on Agglutinin 
FOR Hitherto Unknown Receptors A Zacho, Hospitalstid 70 225, 1935 

On account of severe hemorrhage on the separation of the placenta, the patient 
was given transfusions of blood from three donors of the same blood type as 
herself During the subsequent days there were signs of disintegration of red 
blood corpuscles Six dajs later another transfusion of 100 cc was given The 
patient died five hours later The donors and the patient were all of type Ai, but 
direct cross-matching tests of the cells and serums of donors and recipient were 
not made This was done later and it was found that the patient’s serum agglu- 
tinated the red corpuscles of two of the donors The agglutinin in question appears 
not to have been recognized before, it agglutinated the red corpuscles in about 60 
per cent of persons with 0 and A types of blood 


Technical 

Paraffin Section Method for the Dopa Reaction S W Becker, L L Praver 
and H Thatcher, Arch Dermat &. Syph 31 190, 1935 

The dopa reaction was performed en bloc by the simplified technic of Laidlow 
and Blackberg The tissue was then fixed in Bourn’s solution, embedded in paraffin 
and cut into thin or into thick sections if such are desired for a study of dendritic 
melanoblasts in their entirety The sections may be stained by many methods, 
the most valuable of which for cytologic study is the Masson trichrome (iron hema- 
toxylin, acid fuchsmponceau de xyhdine and aniline blue), for which very thin 
sections must be used All the sections showed that the dopa reaction does not 
occur in palisade basal cells, and no transitional forms were found between the 
palisade basal cells and the melanoblasts These observations support the con- 
ception of the presence of two types of cells m the epidermis, one of which has 
to do with the regulation of pigment function This method should make possible 
a more intelligent study of pigmentary processes by the dopa reaction than has 
been possible by the frozen section method p^^M the Authors’ Summary 

A New Method of Preserving Normvl and Pathologic Brain Tissue 
Joshua Rosett, Arch Neurol & Psvchiat 32 513, 1934 

For the preservation of brain specimens for teaching or other purposes Rosett 
recommends a new method which is devoid of the objectionable features in the use 
of fluids such as formaldehj'de or alcohol The new method consists in infiltrating 
the tissues with the insoluble, infusible sjmthetic resinoids of the phenol series 
Slabs of brain tissue of any thickness preserved in formaldeh 3 de are first placed 
for about one week in a 40 per cent solution of formaldehyde and then transferred 
to the foregoing solution of resinoids for ten days or longer, depending on the 
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thickness of the slabs After this they are subjected to polymei ization, ground, 
polished and in some instances developed (in a solution of sodium hydroxide 
and salicylic acid) Certain precautions must be taken in handling the solution 
of the resinoids, for the description of which the original article should be consulted 

George B Hassin 

Cerebrospinal Fluid in Tuberculous Meningitis H Houston Merritt and 
Frank Fremont-Smith, Arch Neurol & Psychiat 33 516, 1935 

From a study of 297 cerebrospinal fluids in 84 verified cases of tuberculous 
meningitis it was found that aside from an increase in the pressure and in the 
number of white cells (lymphocytes predominating) there was a decrease in sugar 
content below 45 mg per hundred cubic centimeters and of chlorides below 650 
mg per hundred cubic centimeters In the early stages the results may not be 
typical The pressure and the cell count, for instance, may be normal, but the 
contents of sugar, chlorides and protein are usually abnormal No difficulties are 
encountered in differentiating the condition from pneumococcic, staphylococcic, 
streptococcic and other types of meningitis, but it may be difficult to differentiate 
the condition from syphilitic meningitis, especially in the absence of typical serologic 
reaction G B Hassin 

A Simple Method for Staining the Nerve Tissues E H Loughlin, Arch 
Neurol & Psychiat 33 616, 1935 

Loughlin describes a combined gold and silver staining method which can be 
used not only on fresh brain tissues but also on tissues that have been fixed in 
solutions of formaldehj'^de for years, or in other solutions (Zenker’s fluid, for 
instance), or that have not been fixed until several days after necropsy Loughlin’s 
modification contains the essential features of the methods of Cajal and Biel- 
schowsky Frozen sections are preferable, from 15 to 18 microns thick, but paraffin 
and pyroxylin (celloidin) sections also give good results As a mordanting agent, 
Loughlin uses dilute (2 per cent) bromine water (instead of hydrobromic acid) to 
which the frozen sections are transferred after they have been rinsed in water and 
kept in 5 per cent ammonia over night For the details the original article should 
be consulted As the photomicrographs show, the method brings out clearly the 
ganglion and various glia cells, mature and embryonic, their processes and the fat 
granule bodies, but less clearlj the microglia q g Hassin 

The Laboratory Diagnosis of Amebiasis T B Magath, JAMA 103 
1061, 1934 

The direct smear method is adequate in the hands of those properly trained in 
almost all cases but, if doubt exists, one should resort to fixed and stained 
preparations Whether one uses formed stools or those resulting from catharsis 
will depend on the individual problem Whichever is used, the limitations of the 
particular method must be clearly recognized 

Culture methods should be used in laboratories qualified to identify amebas, 
but, for the usual routine, cultures are not necessary, provided the examiner thor- 
oughly knows how to make proper direct examinations The cultural character- 
istics of various amebas growing in these cultures have yet to be clearly described, 
and a series of animal experiments to determine the types in a large series is 
greatlj needed 

Until the complement-fixation method is simplified, it is not suitable for 
routine tests 

Seventy-five per cent of infestations with Endamoeba histolytica can be found 
b^ examining a single stool following catharsis wuth magnesium sulphate, w'hereas 
only a third of the infestations will be found by examining a single formed stool 
It will require from eight to ten formed stools to establish the same number of 
infestations as three stools follownng catharsis From Author’s Summary 
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Twenty-Second Anniwl Meeting, Hotel Statlei, Detioit, Apiil 10-13, 1935 
S Burt Wolbach, Picsident 
Shields Warren, Secietaiy 

The Bone Marrow in Patients with Cirrhosis of the Liver Raphael 
Isaacs, University of Michigan 

In patients with cirrhosis of the liver, the number of red blood cells larger 
than normal is increased In some patients the blood picture simulates that of 
pernicious anemia The bone marrow of 6 patients having cirrhosis of the liver 
and anemia was studied with reference to the number of cells per cubic millimeter 
and its differential composition of the types of nucleated cells It was found that 
the number of red blood cells in the megaloblast stage is significantly increased 
correlating with (a) the macrocytosis of the mature red blood cells and (b) the 
favorable therapeutic response to liver evtract 

Efeect or Pressor Reactions on Bacterial Localization in the Central 
Nervous System William F Petersen and A J Nedzel (by invitation) 
University of Illinois 

At the last meeting of the society we presented evidence indicating that pressor 
episodes were of significance for the localization of bacteria on the cardiac valves 
and demonstrated in dogs the experimental production of endocarditis when staphy- 
lococci and streptococci were injected intravenously shortly after the maximum 
pressor effect from injections of pitressin 

We have extended our observations to the localization of bacteria m the central 
nervous system We used single as well as repeated injections of pitressin and 
a solution of the diuretic-antidiuretic hormone of the hypophysis (betahypophamine) 
to bring about transient anoxemia of the central nervous system and therewith 
foci of anoxemic stimulation where localization of bacteria might be enhanced 

In the control animals we depended wholly on the possible passage of the 
normal flora of the mucous membranes, m the experimental animals the mucous 
membrane of the throat was sprayed with cultures of Staphylococcus and Bacillus 
megatherium 

In the case of a single injection of pitressin the numbers of bacteria seen in 
the region of the hippocampus major and in the spinal cord were small, similar 
to the findings in the normal dog without any injection of pitressin In dogs that 
received a series of injections we found considerably larger numbers of micro- 
organisms, the bacteria often forming groups , there was also distinct evidence of 
pathologic change m the nervous tissue These changes are now being studied 
The findings mentioned lead us to the conclusion that pressor effects, no matter 
how induced, may lead to the localization of bacteria and to tissue change m places 
where these pressor effects (vascular spasm) are particularly pronounced 

Pertussis Production of an Interstitial Mononuclear Pneumonia with 
the Bordet-Gengou Bacillus Douglas H Sprunt and (by invitation) 
Donald S Martin and Jarrett E Williams, Duke University School of 
Medicine 

The presence of an interstitial mononuclear pneumonia in a patient with pertussis 
led McCordock to suggest that a virus may be the primary etiologic agent in this 



156 


ARCHIVES or PATHOLOGY 


disease This point of view was based on his preceding work with Muckenfuss 
on the relationship between viruses and this type of pneumonia Rich has further 
substantiated this relationship 

In recent experiments we showed that exotoxins are capable of producing 
interstitial mononuclear pneumonia when injected intratracheally into rabbits This 
work led us to trj similar experiments with the Bordet-Gengou bacillus 

Pure cultures of this bacillus were kept in phase I bj being grown on the Bordet- 
Gengou medium containing 25 per cent human blood Twenty rabbits were inocu- 
lated intratracheally with a suspension of the cultures All the rabbits acquired a 
typical interstitial mononuclear pneumonia As a control, 5 rabbits were given 
injections of cultures of the rough form of the Bordet-Gengou bacillus, grown on 
a similar medium, without producing anj changes in the lung 

Before the experiment the nares of the rabbits \\ere swabbed and the material 
cultured for Bacterium lepisepticum and Bacterium bronchisepticum, with negative 
results At necropsj material from the lungs was cultured for organisms other 
than the Bordet-Gengou bacillus, without success 

Conclusion — The Bordet-Gengou bacillus can produce interstitial mononuclear 
pneumonia in rabbits 


SusccPTiBiLiTt TO Toxic AorxTS Altfrcd ij\ Variations ix' tiii Glvcogen and 
Fat Content or the Livir Jessl L Bou man and Frank C Mann, The 
Mayo Clinic 

The composition of the liter changes throughout the dav in relation to the 
amount and character of the food taken The effects of toxic agents such as alcohol, 
chloroform, carbon tetrachloride or tetrachloretbane appear more marked if these 
agents are administered when the glycogen content of the liver is low This may 
be noted by the systemic effects of the drugs and by the extent of the pathologic 
changes produced m the Iner Diets rich in carbohydrates raise the amount of 
glycogen in the liver as much as five times that found with the usual mixed diet 
Diets containing excessive fat may alter the fat content of the liver to ten times 
the usual one Susceptibility to toxic agents is increased with fat feeding and 
decreased with carbohydrate feeding Attention is also called to the rapid changes 
in the composition and histologic picture of the Iner produced bj diet or by toxic 
agents 


Study of Standard Breeds of Rabbits in Relation to a Trvnsplantable 
Malignant Tumor Albert E Case\, The Rockefeller Institute for Medical 
Research and the Universit) of Virginia 

In the laboratory of Dr Wade H Brown at the Rockefeller Institute for Medical 
Research sample rabbits from 15 standard breeds were propagated in pure line 
over a period of from three to ten years None of the breeding stocks were used 
for experimental purposes during this period, and they were kept in the same 
rooms under identical conditions of food, light, air, caging and attention More 
than 250 healthy young adult males of approximately the same age from the 
families representing the IS standard breeds (English, American Blue, Beveren, 
Flemish, Havana, Rex, French Silvei, Polish, Himalayan, Belgian, Dutch, Sable, 
Special Albino, Tan and New Zealand) were inoculated m large groups with the 
same dose and emulsion of the Brown-Pearce rabbit tumor This tumor had been 
carried in this laboratory for ten years through mongrel stocks purchased from 
outside dealers and consisting largely of Belgian, Flemish, Dutch and Beveren 
mixtures The tumor, therefore, was not adapted to the standard breeds used for 
the test Two months after the inoculations (intra testicular) the surviving animals 
were killed and complete autopsies done The amount of primary and of metastatic 
tumor was measured bj’’ water displacement, and the number of metastatic foci per 
animal computed It was found that the breeds varied from almost 100 per cent 
susceptibility on the part of the English, American Blue and Sable types to almost 
100 jier cent resistance to the tumor on the part of the Havana and Himalayan 
breeds Analyzed statistically, the variance between the breeds was significantly 
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greater than tlie variance witlnn the breeds (P = 00! — ) Tins difference was of 
statistical significance as regards the incidence of primary tumors, the incidence of 
metastascs, the number of metastatic foci per animal, the total volume of metastatic 
tumor per animal, the actual mortalitj, the total mortalitj and the longevity after 
inoculation These sc\en criteria were found to he reliable indexes of various 
phases of malignant growth in earlier experiments with this tumor Of the 25 
English animals used, 92 per cent acquired primary tumors, and 100 per cent of 
those in which primary tumors developed acquired metastascs The total volume 
of metastatic tumor per animal was 94 cc , and the number of metastatic foci per 
animal was 17 5 The actual mortalitj was 76 per cent, the expected mortality 84 
per cent, and the total longevity fortv-four days This compared with an almost 
100 per cent resistance on the part of the Havana breed Of the 18 animals m 
this breed 22 per cent acquired primary tumors Of the 4 in w'liich primary tumors 
del eloped, 50 per cent (2) had metastascs, the lolumc of metastatic tumor per 
animal was 11 cc , and the number of metastatic foci per animal w'as 3 The actual 
mortalitj was 0 per cent, the expected mortality 11 per cent, and the total longevilj 
sixtj dais (all animals ivere living at the termination of the experiment) The 
English and the Havana breeds were at opposite extremes on almost cicry point of 
malignanci analized The differences between the 2 rabbit breeds with the trans- 
plantable tumor are in eicrj resi>cct comparable with the results found in mice 
and rats with spontaneous tumors bv selectiie inbreeding This is, perhaps, the 
first studi of numerous metastatic phases of malignancy m genetically different 
breeds of a mammal Since this tumor mctastasi/es m various portions of the bodv 
in even way comparable to human tumors, and actually kills the animal by 
metastatic iniolicmcnt of vital organs, the results are perhaps more applicable to 
the situation found in connection with human tumors than are the results of 
preiious genetic studies of spontaneous tumors or of studies on transplanted tumors 
of small rodents with icry low metastatic rates Furthermore, the degrees of 
susceptibility to the tumor shown by the 15 breeds coincide fairly closely ivith 
their degrees of susceptibility to experimental syphilis, spontaneous rabbit pox and 
spontaneous pneumonia, and ivith hereditary variations in their size, blood for- 
mulas and breeding characteristics, with certain individual exceptions 

Aue There Limits to the Capiciti eor Iximuxoiooic Responses’ Reuben L 
Kahn and (by invitation) Elizibcth B McDermott, University of Michigan 

This IS a report of progress m studies m ivhicli it is aimed to determine the 
extent to which increasing the number of immunizing injections of a protein antigen 
in an animal proportionately increases the immunologic capacities of the animal 
The antitoxin-toxin method of measuring the capacity of the tissues of an immunized 
animal to combine with specific antigen in vivo was employed for the determination 
of the immunologic response Five groups of rabbits were immunized with horse 
serum by means of, respectively, one, two, three, four and five injections of 02 cc 
per kilogram of body w'eight, given at ten day intervals Each immunized rabbit 
was given 50 M L D of diphtheria toxin and simultaneously a designated amount 
of horse serum antitoxin for diphtheria, considered as specific antigen, intracuta- 
neously, about 5 cm distant Differences in the capacity of the skin to “anchor” 
the antitoxin, thereby preventing its diffusion from the area of injection and its 
neutralization of the toxin, were indicated by differences in the number of units 
necessary to save the animals from death due to toxin Thus, control rabbits not 
immunized with horse serum required 20 units of antitoxin for protection against 50 
M L D of toxin Rabbits that had received one immunizing injection of horse 
serum required 300 units of antitoxin and were not protected by 200 units Rabbits 
that had received two immunizing injections were protected by 1,000 units but not 
by 7S0 units Rabbits that had received three immunizing injections were protected 
by 2,000 units but not by 1,750 units As a result of four and five immunizing 
injections, respectively, 2,500 units was required to protect, 2,000 units having 
failed to protect Increasing the number of immunizing injections of horse serum 
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evidently did not result in a proportional increase in the capacity of the skin to 
combine with the horse serum antitoxin Similar results were obtained with a 
series of rabbits that were given six immunizing injections It was also observed 
that the increase in the number of injections did not result in a proportional increase 
in serum precipitms These studies suggest that the capacity for immunologic 
response is manifested to a moderate degree as a result of a first immunizing 
injection of protein antigen, that this capacitj' rapidl}^ increases after a second and 
a third injection, respectively, and that the increase is comparatively small after 
a fourth, and still smaller after subsequent injections, indicating, in turn, that there 
are limits to the capacity for immunologic responses 


Effects or Local Immunization' or the Upper Respiuatorv. Tract of Rabbits 
Against Pneumococcus, Type I Theodore E Walsh (bv invitation) and 
Paul R Cannon, The University of Chicago 

Rabbits were immunized intranasally with a formaldehydized vaccine of Pneumo- 
coccus, type I, and their resistance to intranasal instillation of living virulent 
pneumococci determined Control animals were treated intranasally with a vaccine 
of paratyphoid bacilli, with 0 4 per cent solution of formaldehyde or with I per cent 
solution of tannic acid The object was to ascertain to what extent local immuniza- 
tion of an important portal of entry may protect a susceptible animal against infec- 
tion by the same route, and to determine whether such resistance is predominantly 
local or general, specific or nonspecific The results may be summarized as follovv's 

Eighteen of 20 normal animals infected intranasally with a saline suspension 
of living cultures of Pneumococcus, type I, died of a pneumococcic septicemia within 
from two to three days 

None of the 17 rabbits which had been immunized intranasally for from five to 
nine days with the formaldehydized pneumococcus vaccine died after intranasal 
infection with living cultures of this organism 

Eleven of 12 rabbits treated by intranasal instillation of a vaccine of paratyphoid 
bacilli, 04 per cent solution of formaldehyde or 1 per cent solution of tannic acid 
succumbed to the intianasal application of living cultures of Pneumococcus, type I 

We conclude from these experiments that a susceptible animal can be immunized 
intranasally by a specific bacterial vaccine so that subsequent intranasal infection 
leads to no serious invasion of the blood stream Nonspecific stimulation of the 
tissues of the upper respiratory tract apparently confers no protection under similar 
conditions Further experiments arc in progress in an attempt to determine to 
what extent the increased resistance depends on local or on general processes oi 
immunity 

Further Observations on the Ceilular Constituents of Bovine Svnovial 
Fluid Granville A Bennett and (by invitation) Charles F Wvrren 
and Walter Bauer, Harvard University Medical School and Massachusetts 
General Hospital 

Under varying conditions, cytologic examinations have been made on specimens 
of synovial fluid from the astragalotibial and carpometacarpal joints of cattle and 
from the knee joints of dogs From the data tabulated it has been possible to 
correct an error made in this laboratory' concerning the classification of certain 
nucleated cells The results may be summarized as follows 

When one compares specimens of synovial fluid from the astragalotibial and 
carpometacarpal joints of y'oung beef cattle one observes wide variations in the 
total numbers of nucleated cells and m the percentages of the individual cell types 
The greatest variation m the percentages of the cell ty'pes is noted in astragalotibial 
joint fluid 

The total numbers of nucleated cells and the percentages of phagocytic cells are 
greater m the carpometacarpal joint fluid than in the fluid from the astragalotibial 
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joint This difference is best explained b\ the increased amount of debris in the 
carpometacarpal joint resiillnig from the presence of defects m the articular 
cartilage 

The wide variations m the numbers of the individual cell t\pcs obscreed m the 
astragalotibial joint fluid are eMdenth within the limits of the so-ealled normal 
The normal figure depends on the degree of near and tear and minor traumas to 
which the joint has rccentK been subjected E\identl> irritations of this grade 
are sufficient to increase the total number of nucleated cells and the percentage of 
phagocytic cells exclusive of poljmorphomiclcar leukocitcs 

The total number of nucleated cells contained m sjnovial fluid ma\ increase 
post mortem, but there is very little change in the i>crccntagcs of the mdisidvul 
cell tjpes 

Reexaminations of siiecimens of sjnovial fluid from two and one-liah to three 
hours after the first count was made iinariablj rc\ealcd a marked increase m the 
number of dead or degenerating cells, together with considerable clumping 
Although the relative percentages of phagocjtic cells were not matenallj altered. 
It became increasingly difficult to rccogmre distinguishing characteristics of the 
phagocytic cells 

Several methods of study failed to icieal anj cMdcnce to support a theory 
that the cytology of sMiovial fluid is a reflection of that of the blood 

A definite species difference in the total numbers of nucleated cells and the 
percentages of individual cell tvpes contained m normal s\no\ial fluid has iicen 
pointed out 

The tabulated results obtained from this study should enable one to interpret 
more accurately the cjtologic variations in normal and pathologic human SMioMal 
fluid 

CHANGtS IN Tlir PlTUITAUS GlAM) Foil OWING Tin 11011)1 CTOMI IN RATS 

IsoiDE T ZrcKwiR, University of Pennsylvania 

The pituitary glands of white rats thyroidcctomi/'cd when immature showed 
at fourteen days following operation an increase m the number of basophils and a 
decrease in that of acidophils , at thirtv days, an almost complete disappearance 
of acidophils and an accumulation within basophils of large globules of smooth 
hyaline material, and as time increased up to two hundred and ninctv dajs, con- 
densation of the hyaline material into single globules within basophils, which caused 
these to simulate “castration cells’’ and which looked like increased production and 
storage of secretion It is suggested that the dwarfing of cretins is due to loss 
of acidophils Fat stains revealed no fatty degeneration Acidophils appeared to 
disappear by loss of granules and dedifferentiation rather than by degeneration 
Implantation of pituitary glands into guinea-pigs revealed an abundance of thyro- 
tropic hormone m the pituitary glands of cretins, and it is likely that the amount 
of hormone available per gram of body weight of the cretin dwarf is greater than 
that of controls Thvrotropic hormone cannot have its source m acidophils It 
is suggested that basophils may produce thyrotropic hormone klale cretins showed 
large adrenal glands and testes in relation to body weight This suggests that there 
may be alterations in the proportions of adrenotropic and gonadotropic hormones 
coincident with the altered proportions of histologic types of cells 

Pathologic Changes Resulting from Accuratllv Controlled Artificial 
Fever F W Hartman and (by invitation) R C Major, Henry Ford 
Hospital 

The character of the lesions produced in the adrenal glands and brain were studied 
in detail as a basis for explaining the vascular collapse and cerebral symptoms 
that are noted following administration of artificial fever both m man and in 
experimental animals 
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Errccr of Artificial Fevir on Acuti Tuihrcuiosis in Expirimfntai Animals 
R C Major and H P Douii (introduced bv F W Hartman, Henrj Ford 
Hospital 

Acute tuberculosis has been produced in dogs and inonke\s, and the technic 
particularly of producing tuberculosis in the lung is described The progress of 
the pulmonary lesion has been followed with roentgenograms, temperature charts 
and smears for tubcrck bacilli The animals Merc exposed to artificial fever in 
the Simpson-Kettcnng cabinet for periods of from four to fi\c hours at a tempera- 
ture of from 104 to 107 F at M'cckly inter\als This tjpe of artificial fe\er does 
not seem to be harmful, and manj of the lesions arc affected favorably, as indicated 
bj a disappearance of bacilli from the sputum, a return to normal temperature 
and a disappearance of the roentgen evidence of lesions 

Di Ti RMiNATioN 01 Boi)\ Slrfaci Aui A iiv PiioToc.KVPin JoiiN C BuGiiiR and 
David H Drummond (introduced bj Cam V Wiiifr), University of 
Michigan 

Two methods are presented In the first, the surface area is determined by 
mechanical cjuadraturc, the bodj being assumed to be divided into approximatelj 
100 cross-sections of uniform thickness The perimeters of these elements are 
computed by considering the cross-sections as ellipses whose major and minor axes 
arc the corresponding dimensions of the actual sections The skin surface of each 
section is obtained by multiplying the perimeter by the average slant height The 
summation of these elemental areas gives the total bodv area The diameters are 
cbtaincd from frontal and lateral photographic silhouettes The probable error is 
approximately 2 5 per cent 

In the second method, which is a further development of the first, the measure- 
ments necessarj are (1) the areas of the two silhouettes by planimeter, (2) the 
perimeters of the silhouettes bv chartometcr and (3) the height By means of 
constants, the surface area mav he quickly calculated This method is slightly 
less accurate than the first hut is more easily emploved 

Both methods arc independent of variations in bodv contour, so that the devia- 
tions encountered in the application of height-vv eight formulas do not occur 

Therapeutic and Prophvlactic Limitations or Poliomvflitis Immunf Sfrum 
E W ScnuiT/: and (by invitation) L P Gi dhardt, Stanford Universitj 

Twenty-four experiments were carried out m an effort to determine the thera- 
peutic and prophylactic value of poliomyelitis immune serum An immune horse 
serum of high virucidal titer was emploved This was administered by different 
routes and for the most part m large doses 1 hirty-six monkeys received serum 
one or more days after inoculation with virus, and 91 monkeys received serum 
one or more days before inoculation No therapeutic effect could be demonstrated 
in the former group, and less than a fourth of the animals in the latter group 
escaped the disease Well defined protection was obtained only against small doses 
of virus 

The results are explained on the basis of recent observations which indicate 
that the virus is not onlj' a highly neurotropic but probablj' an intracellular parasite 
Once it becomes established in the olfactory nerve, it no longer can be reached 
by immune serum Used prophyIacticalI}% serum has the effect of diminishing the 
amount of virus able to initiate infection This is evidenced by a longer average 
incubation period in the serum-treated group However, a dose of virus just suffi- 
cient to infect eventually leads to as extensive paralysis as is found in controls 

Experimental Studies Demonstrating a Rfciprocai Relationship Existing 
Between L\ mphopoilsis and Mvelopoiesis B K Wiseman, C A Doan 
and (by invitation) L A Erf, Ohio State University 

The introduction of simple proteins and of nucleic acid derivatives into the 
blood streams of two separate groups of rabbits resulted in characteristic changes 
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in the structures of the lymphatic and in3eloKl tissues T liese alterations were 
reflected in a disturbance of the proportionate distrilnition of the cells in the cir- 
culating blood Those animals receiving native protein (egg albumin, horse scrum, 
etc ) showed a specific rise m the absolute numbers of lyinphocj'tcs accompanied 
bi a striking decrease m the numbers of circulating neutrophilic leukocjtcs 
Examination of the lymphatic and myeloid tissues during the period in which this 
disturbed relationship was prominent revealed hvpcrplastic changes in the former, 
associated with a striking hj poplasia in the latter 

In contrast to this reaction, the animals receiving miclcoprotcin derivatives 
(nucleic acid, nucleotides) exhibited a marked ncutropliilic leukocvtosis with 
absolute lymphopenia The tissue changes consisted of increased myelopoicsis 
(hyperplastic bone marrow and ectopic foci of granulopoiesis) associated with 
widespread degeneration of Ijmph structure (atrophy of Ivmplioid follicles and cyst 
formation) 

Similar reciprocal changes in the tissues and blood of clinical patients showing 
abnormal Wmphoid or myeloid stimulation have been observed and studied, and a 
correlation made with the changes observed m the experimental animals These 
reciprocal hypoplastic and hyperplastic changes in the myeloid and lymphatic 
tissues tend to establish further the existence of a close relationship between the 
respective functional capacities of the hemopoietic organs, and they have important 
practical and theoretical implications that are of basic importance in the inter- 
pretation of the physiology and pathology of blood formation 


A Stud\ of Bile from tiif Human GAiiinAUDFR Cfcuia Rieofi, I S 
Ravdin and P J Morrison, Umversitv of Pennsylvania 

Bxlc Obtained fioin Patients vint/i Noncalculus Cholccvstitis — ^Thc bile removed 
at operation from patients whose condition was diagnosed as noncalculus disease 
of the gallbladder has been studied, and the results have been compared with 
those obtained on bile from the normal human gallbladder The cases were 
separated into two groups — visualized and nonvisualized — according to whether 
the gallbladder was or was not visualized after the administration of sodium tetra- 
lodophenolphthalem 

In both the visualized and the nonvisualized group the concentrations of 
chloride and bile salt were different from normal, the chloride being higher, the 
bile salt lower No marked difference was found between the two groups in any 
of the various normal constituents studied There was a tendency for the 
cholesterol concentrations to be somewhat higher m the nonvisualized group, but 
this was by no means constant It was also true that the lowest calcium concen- 
trations were found in the nonvisualized group 

The data are interesting in that they may show some of the initial changes 
which precede cholelithiasis 


Bile ft am Patients luith Calculus Cholecystitis — ^\Ve have carried out chemical 
analyses of the bile or stones or both taken from the gallbladder at the time of 
operation in 75 cases of calculus disease of the gallbladder Cholecystographic 
reports were available in many of these cases The cases have been classified into 
two groups — visualized and nonvisualized — according to whether the shadow of the 
gallbladder was or was not observed The groups were further subdivided as to 
whether the stones were visualized as a positive or as a negative shadow The 
data show a lack of correlation between visualization of the stones and chemical 
composition of the stones , the calcium content of the visualized stones was no 
higher than that of the nonvisualized ones W ith two exceptions the stones con- 
tained chiefly cholesterol with varying amounts of calcium, pigment, phosphate 
carbonate, organic debris, etc ’ 


Analysis of the bile taken from the gallbladder at operation brought out several 
interesting points In all cases the chemical composition of the bile was markedly 
altered from the norrnal The chloride content was higher, the bile salt lower In 
the visualized group the chloride content was as a rule lower, and the bile salt and 
cholesterol content higher, than in the nonvisualized group In both groups the 
bile salt-cholesterol quotient tended to be lower than normal 
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These experiments, taken in conjunction with previous work on normal and 
damaged gallbladders of dogs, on the composition of bile from human gallbladders 
wuth noncalculus cholecystitis, and on that of human hepatic bile after damage to 
the liver, indicate that m the final production of gallstones many varied factors 
may be involved 

Bile jiom Picqnant Women at Icim — Thirt}-fi\c specimens of bile obtained 
from pregnant women were anaijred for their concentrations of calcium, chloride, 
bile salt, cholesterol and phosphate The data are significant m that thej show' in 
the majority of instances consistent change m the abilitj of the gallbladder mem- 
brane to concentrate bile Ihe concentrations of chloride, calcium and bile salt 
are as a rule similar to the concentrations of these substances m the gallbladder 
m cases of chronic cholecj stitis The cholesterol concentrations are, as a rule, 
considerablj higher than those found in the bile from the normal gallbladder or 
m that from the chromcallj diseased gallbladder 

Absinci or Cm MOTKOPibM 01 L\mphoc\tis Hviioinif Di\o\ (bj imitation) 
and Morton McCutciifon, Lnuersit\ of Pennsjhania 

It IS not understood how lymphoevtes arc accumulated in exudate, inflamed 
tissue and tubercles Since one possible explanation is that these cells are 
attracted chemotropicall} , experiments were made to obtain c\idence as to whether 
Ijmpliocytcs are capable of chcmotropic reaction Minute chimps (about SO 
microns m diameter) of tubercle bacilli or of staphj lococci were placed on a glass 
slide A drop of blood from the finger w'as supcrimi>oscd and allowed to spread 
betw'ccn the slide and cocershp With the microscope and a drawing ocular, 
the path of each lymphocjte and poljmorphonuclcar lcukoc}te was recorded on 
paper For each w'hite blood cell were determined (1) the net approach to the 
clump of bacteria and (2) the total path tracersed in the same length of time The 
ratio of these quantities is taken as the measure of chemotropism, -f 1 representing 
maximal positive, — 1 maximal negatne, chemotropism, and zero representing 
landom movement or absence of chemotropism When Staph albus was used as the 
source of attraction, 60 polymorphonuclcars show'cd strong positne chemotropism 
vieldmg a mean value of -f 0 65 , in the same microscopic fields, the mean and 
the standard deviation for 45 lymphocjtes w’crc 0±043 With tubercle bacilli, the 
figure for polymorphonuclcars was -|-0 58, for Ivmphocytes, — 010 ±043 Hence, 
no evidence w'as obtained that Ijmphocytcs are capable of chemotropism 

Morphologic CiiAxcrs in tup Ciiis Forming EpinrRMOiu Carcinoma James 
E Dams (introduced by F W Hartman), Wayne Unuersity 

The material available for this study was obtained from tissues taken from 
the cervix uteri for biopsy w'hich illustrated various pathologic changes, including 
over 200 examples of carcinomatous changes of the epidermoid type Various 
interesting phenomena have been observed in following the gradations of changes 
m areas where natural repair was occurring In the early stage of this repair the 
most immature or basal cell types were quantitatively increased m the complete 
layer of cells forming the protecting epithelial stratum With each succeeding 
repair the quantity of immature cells w'as increased, and w'here irritation and dis- 
arrangement of the natural relations of the cells prevailed, cell maturation show'ed 
still greater delay In the different stages of the malignant changes the quantity 
of immature cells varied until the ultimate picture sliowed that all of the cells in 
the stratified epithelial layer produced a heterogeneous arrangement of the three 
different layers without any suggestion of the original differentiation of basal, 
middle and superficial strata 

The Serum Phosphatasp in Completely Depancreatized Dogs Victor 
S cHELLiNG (introduced by F W Hartman), Henry Ford Hospital 

The simultaneous decrease of inorganic phosphorus wdien sugar is removed 
from the blood has been interpreted as an intermediate compound of phosphorus 
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and hexose In diabetic persons tins fall is markedly delajed or even absent As 
the formation of hexosephosjiboric esters is presumably enzymatic, the serum 
phosphatase with an optimum pu 8 6 (Bodanskv) has been studied in completely 
depancreatized dogs In normal animals kept on a standard diet (Cowgill) for 
a long period the serum phosphate in the yiostabsorptive state fluctuates from 
1 to 2 units (Bodansky) at different times After complete removal of the pancreas 
the serum phosphatase increases from 20 to 30 units Insulin produced no 
greater changes than were observed as limits of fluctuation in normal animals 
Intravenously injected dextrose had no significant eflcct on the serum phosphatase 
determined in blood removed at definite intervals It is concluiled that if any 
formation of hexosephosphoric esters takes place in the blood of completely^ depan- 
creatized dogs under the influence of insulin, serum phosphatase with the optimum 
pn 8 6 has no part m the reaction 

QuANTiTATivr SruDifs ON Blood Coacui atiox H P Smith and (by' invitation) 
E D Warner and K M Brinkhous, Unuersity of Iowa 

Quantitative methods for the titration of prothrombin and antitbrombm in 
plasma are outlined In such titrations one must distinguish between the titer 
of the actual antithrombm and the titer of the total amount which can be developed 
in the plasma svith the aid of heparin It is shown that w'lth peptone injected into 
the circulation of the dog the antitbrombic activiti of the plasma rises, but not the 
titer of the potential total The prothrombin content is normal An injection of 
india ink has much the same effect as an injection of peptone Chloroform 
poisoning causes a profound fall m prothrombin and fibrinogen, together with a 
moderate fall in platelets and in antithrombm 

Effect of Total Hepatectomv on the Biood Fats Stfriifn Maddock, Boston 
City Hospital 

In a series of dogs the blood fats were studied follow’ing total removal of the 
liver It was found that a diminution in all of the constituents of the blood fat 
occurred in every instance This change becomes appreciable at the twelfth hour 
and appears to be progressive throughout the remainder of the animal’s life 

Reflection of Mfteoroi ogical Infiuencfs in the Serum Reactions (Wasslr- 
MANN, Kahn, etc) William F Petersen and (by invitation) E T 
Hoverson and A J Goldstein, University of Illinois 

Pressor episodes occurring m man are predominantly meteorologically induced 
With pressor episodes reorientation (autonomic, biochemical, etc) of the entire 
organism follows, with somatic stimulation evident in many ways 

In view of the distinct environmental effect that is clinically apparent m syphilis, 
including neurosyphihs, it seemed possible that the serologic reactions might reflect 
alterations of the meteorological status, and studies were carried out to determine 
this point for both the Wassermann and the Kahn reactions 

When daily titrations were carried out m patients with dementia paralytica it 
was found that the titers of the Wassermann and Kahn reactions varied from day 
to day with a distinct increase occurring in the wake of pressor episodes (usually 
occurring with polar infalls) These effects may be cumulative In this behavior 
the serum reactions merely resemble or reflect somatic changes which are closely 
interwoven with the meteorological environment 

Etiology or Amyloid Disease Hobart A Reimann and (bv invitation') Cari 
M Eklund, University of Minnesota ^ 

Several theories have been advanced to account for the formation and deposi- 
tion of amyloid substance (1) that it ,s due to a general disturbance in the 
metabolism of protein, (2) that it represents an antigen-antibody union (3) that 
It manifests disturbance or abnormality of the reticulo-endothelial system (4) 
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that it IS a feature of hypcrglolnihnemia, and (5) that it presents a combination 
of the conditions named in 3 and 4 

Tiieorctical considerations lead us to believe that a long-standing increase of 
norma! or abnormal blood globulins is one of the chief factors since (a) h>per- 
globuhneniia is present m nianv cases of long-standing infection, malignant tumor 
and myeloma, conditions frequenth preceding amyloidosis, (b) there is an increase 
of blood globulins in the patients with anijloidosis, (t) ainjloid disease ma) be 
produced experimentally bv excessive feeding with protein or bj repealed injections 
of vaccine, which are known to cause hjpcrglobulineniia 

Four rabbits were gi\en about ninety intramuscular injections of sodium 
casemate over a period of from eight to thirteen months The amount of blood 
globulin was elevated after the first few injections and thereafter remained abiior- 
mallv Iiigii (from two to four times over the normal level) until death Early 
in the course the total amount of the blood protein was increased, but toward the 
end when evidence of renal anijloidosis appeared, the level was subnormal All 
the animals died, and at neeropsj extensive anijloid disease was found The 
greatest amount of amyloid substance was found in the kidnejs, less was present 
111 the liver and spleen 


Variations in Tin Cat apiioui tic Mohiiitiis oi Stri itococci Isoiathi Wh-fkiv 
rou One Yi ar irom tiii Nasoimiauvngis oi Two Guobi’s of Wrii Pfusons, 
FROM Raw kfn k. and irom Laboraiorv Strains Epwvru C Rosfnow and 
(bj invitation) Caroi B Pratt and Charii s SniyVHu, the kfajo Foundation 

The paper reports a parallel study of streptococci isolated weekly for one vear 
from (1) the nasopharj iiges of a group of nurses. (2) the nasopliaryiiges of a 
group of laboratory workers, (3) raw milk, (4) strains maintained in the labora- 
tory The frequency distribution curves of cataphorctic mobility were so grouped 
as to be attributable to a cycle of changes m the electrophoretic characteristics of 
the bacteria in each group Parallel changes in the streptococci from the four 
groups seemed to be correlated with certain seasonal epidemic respiratory' infections 

Transmission or Equim Enci phai omm i itis iiv Amis Afgvpti Carl Ten 
Broeck and (by invitation) Maicoim H Miurili, the Rockefeller Institute 
for Medical Research 

Reiser’s demonstration that the w'cstern strain of equine cncephalomj'ehtis 
virus may be transmitted by Aedes aegypti gives us for the first time an msect- 
borne virus disease of animals that mav be handled with case m the laboratory 
Our attempts to confirm ins findings have brought out the fact that the mosquitoes 
must be fed a large amount of virus before they become infective When thev 
are fed small amounts, the virus can be demonstrated immediately, but it is 
lost m the course of a few days We have also found that the w'estern strain of 
encephalomyelitis virus will increase in the body of A aegypti It has been carried 
through a series of fifteen lots of mosquitoes bv feeding normal mosquitoes on 
the crushed bodies of infected ones, and the virus has reached a dilution far beyond 
that which could infect if increase had not taken place Another fact that has 
come out is that while A aegypti will readily transmit the western strain of virus, 
it rarely is able to transmit the eastern strain We hav e never succeeded in getting 
mosquitoes fed on suspensions of the brains of guinea-pigs infected with the eastern 
strain to transmit the virus bv biting, wdiile those fed on infected guinea-pigs 
occasionally are able to transmit it 

Proteolytic Enzymes or kloNOCYHC and Polymorphonuclear Pleural 
Exudates Charles Weiss and (by invitation) E J Czarnetzky, Mount 
Zion Hospital, San Francisco 

This article will be published in full in a subsequent issue of the Archives 
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PHILADELPHIA PATHOLOGICAL SOCIETY 
Riijulai Mcctiiuf, 1 cb 14 193^ 

Morton I^IcCutchion, PtcsidnU, in ihc Chau 

Paraganglioma (’) of tul Adrlnai Miouila Toiin Ecovnn 

A markedly emaciated white Englishman of 59 years had complained of increas- 
ing weakness for a year There were se\eral episodes of vertigo with falls and 
mjuri One week before admission to the hospital he had visual hallucinations 
Four jears before death his blood pressure was 150 svstohe and 60 diastolic, and 
about si\ hours before death it was 140 systolie and 120 diastolic Death was 
attributed to cardiac failure 

Necropsy revealed severe congestion of all the organs with areas of degeneration 
m the right diencephalon and both mamillary bodies 1 he heart weighed 210 Gin 
and was soft and dull brown The kidneys were involved by benign nephro- 
sclerosis The left adrenal gland contained a circumscribed, spherical, gray-brown 
medullary tumor, 1 5 cm in diameter, surrounded by a thin laver of cortex , the 
cut surface was studded with deep red pinpoint dots The opposite adrenal gland 
was normal Secondary tumors were not seen 

In histologic sections the tumors was unencapsulatcd and consisted mainly of 
large polyhedral cells having a palcl> staining c>toplasm and vesicular nuclei 
Large numbers of the cells contained dustlike pigment, which gave the specific 
green chromaffin stain with Giemsa’s method Some areas showed a dense admixture 
of small round, oval or spindle-shaped cells, the last having long polar processes 
which extended along the alveolar septums Throughout the mass extensive hemor- 
rhage and necrosis had occurred with deposits of liemosidenii, accompanied by 
lymphocyte and plasmocvte infiltration l^argc cavernous spaces filled with a 
clear pink staining fluid (lymph) formed the center The stroma was finely fibrillar 
The relation of the tumor to the hypertension is on purely speculative ground 
The heart was small and not of the hypertensive type, it is suggested that the 
hypertension may have been paroxysmal, possibly accounting for the episodes of 
vertigo 


Neuroblastoma of the Adrfnai Gland with Hfratic Mitastasis Simulating 

VON Gierke’s Disease Edward S Thorpe Jr 

An infant of 3 months was admitted to the pediatric service of the Philadelphia 
General Hospital on Sept 9, 1934, presenting chiefly enlargement of the abdomen 
and constipation Its birth had been normal, and its development up to a few 
weeks before admission to the hospital had been uneventful The only physical 
findings of note were a moderate secondary anemia, a leukocytosis of 21,000, of 
which 87 per cent were lymphocytes, and enlargement of the liver The liver was 
so large that the mass filled both flanks and extended below the s>mphys!s pubis 
In the belief that the diagnosis was glycogenic hepatomegaha (von Gierke) the 
condition was studied along the lines indicated by van Creveld The child showed 
a constant hypoglycemia which was affected very little by the injection of 
epinephrine, a constant ketonuria which showed a paradoxical reaction following 
the injection of epinephrine, a slight increase m the iilood glycogen and a negative 
reaction to the Takata-Ara test for hepatic function Twelve days after admis- 
sion of the baby to the hospital, the temperature rose abruptly and it died, appar- 
ently with edema of the lungs 

Significant observations at necropsy were a tumor, 2 3 by 3 by 3 5 cm , m the 
left adrenal medulla , a tumor 2 mm in diameter m the right adrenal medulla, and 
almost complete replacement of hepatic tissue by a secondary tumor, the liver 
weighing 1,230 Gm The primary adrenal tumors were well circumscribed and 
sharply demarcated from the overlying cortex, the tumor tissue being mottled 
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dark red to red-gray and trabeculated with fine strands of filirous tissue Histo- 
logically the tumor was composed almost exclusncly of circlets of small hyper- 
chromatic Ivmphocyte-hke cells ("rosettes”) with a fine pmk-staimng central tuft, 
the inter\emng stroma was hemorrhagic, and large areas of necrosis were 
prominent The belmior of the tumor, i e, metastasiring e\clusncl> to the 
liver, characterized it as the co-calltd Pepper tjpc of neuroblastoma 

Nforohi ASTOMA or Till Adrinai Mi »lii i a (IIctciiison’s pi ) D R Comvn 

A colored girl, aged 2 jears, was admitted to the hospital Sept 22, 1934, with 
the history that three weeks pre\iousl\ slic had been taken ill evith malaise, fe\er, 
vomiting, a loss of weight and constipation Her temperature on admission was 
1012 F Phesical examination re\ealed a rough sjstohc murmur, a prominent 
abdomen an umbilical hernia, a palpable In er a large abdominal mass and 2,600,000 
red blood cells per cubic millimeter with 38 per cent hemoglobin The child failed 
rather rapidlj and died on October 5 

The elimcal diagnosis was retroperitoneal tumor 

At aiitops\ the abdominal ca\it\ eontained about 500 cc of bloody fluid, and 
the retropentoneum showed scattered punctate hemorrhages The entire central 
portion of the abdominal cavlt^ was occupied In a large mass reaching to the 
diaphragm in the left upper qindrant, coming into close relationship w'ltb 
the under surface of the Iner and extending downw.ird to the pehic brim The 
omentum was found riding o%er the mass, extending from the greater gastric 
curvature abo%e to the transverse colon hmg just below the most prominent 
portion of the tumor The kidnev s w’cre found 1> mg on either side of the neoplasm, 
somewhat distorted bj its pressure, but not incorporated m it No adrenal gland 
was found on the left side, that on the right side W'as in its usual position between 
the upper pole of the kldne^ and the under surface of the Iner The surface of 
the tumor w'as lobular and smooth It w'as cvstic to palpation in some areas and 
solid in others It w'as gray w'lth red splotches scattered here and there, and on 
section displajed areas of gray soft bloodj tissue with other cysticallv dilated 
portions filled w'lth bloodj fluid Other areas w'ere semi fluctuant, purplish and 
necrotic 

There W'as no gross e\idence of metastatic iinoKement of the other abdominal, 
pelvic or thoracic viscera The skeleton however, showed widespread metastases 
These w'cre found m the sternum, ribs, femurs and skull and appeared as slightly 
elevated dark red patches of variable size and irregular shape When the orbital 
plates W'ere removed masses of soft dark red, friable tissue w'ere found m the 
retro-orbital spaces The amount of this foreign tissue was not sufficient to cause 
exophthalmos 

The gross anatomic diagnosis w'as neuroblastoma of the Hutchison type arising 
from the left adrenal medulla 

Histologic preparations revealed, in addition to the grossly visible metastases, 
involvement of the liver, kidneys and spleen The tumor was seen to consist of 
masses of small round cells appearing not unlike lymphocytes There were large 
areas of necrosis and hemorrhage The cell t 3 'pe was uniform throughout, and 
the stroma was of variable quantitj’’ 

Examination under high power showed the cells to be neuroblasts, rather larger 
than lymphocytes, with relatively more cytoplasm and large vesicular deeply baso- 
philic nuclei Thej' were arranged m clumps and strands No typical “rosette” 
arrangement could be found 

This tumor conforms to the Hutchison type of neuroblastoma of the adrenal 
medulla 

Generalized Tuberculosis in the New'-Born Harry M Steen 

A w’oman, aged 27 vears, was admitted to the obstetric ward of the Presbyterian 
Hospital in labor on Nov 16, 1933, and delivered of a living full-term female child 
weighing 7 pounds and 9 ounces (3,430 Gm ) The mother gave a history of a 
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severe respiratory infection occurring during the third montii of pregnanej, at 
which time she was confined to bed for two weeks The mother was seen for the 
first time in the prenatal clinic on Julj 17, she had the pli 3 sital signs and roentgen 
evidence of a pleural effusion of the left side The diagnosis on admission was 
questionable pulmonary tuberculosis, a diagnosis which was subscciuciitlj strength- 
ened bjf roentgen studies and ph\ sical findings during her staj in the hospital 
However, neither the roentgenologists nor the clinicians would commit themselves 
to a diagnosis of aeti\c tuberculosis Two cvammations of the sputum and one 
of the gastric residue disclosed no acid-fasl bacilli 

The baby lived tw'ciity-five dajs The clinical course w-as as follow's On the 
second day, the babv had a temperature of 100 4 h From the second to the 

fifth day, the fe\er ranged between 100 4 and 102 4 The bain was transferred 
from the obstetric ward to the pediatric service of Dr Charles \ Fife On the 
fifth day, there w'as slight vaginal bleeding The bab^ was thought to base 
hemorrhagic disease of the new-born, and 20 cc of the mother’s blood w'as injected 
intramuscularly into the buttocks 1 he spleen was enlarged and extended out 
from the costal margin 1 cm On the sc\cnth da\, the baby was placed at the 
mother’s breast for the first tune and reccned fue feedings On the eighth daj, 
the vaginal bleeding stopped, and the temperature was 103 F The babj was 
removed from the breast and placed on a formula On the tenth day, the baby 
was slightly dehydrated, the spleen was larger, and the x-ray films sliow'cd a 
general fuzziness of the chest, especialK about the shadow's of the roots of the 
lungs There was a decreased resonance of the apex of the right lung On the 
eleventh day, the baby w'as more dchj'dratcd , the spleen was larger , the liver w'as 
enlarged, and the abdomen w'as distended but soft The Maiitoux test W'as positive 
On the eighteenth day, the febrile course continued, and there was a positive 
reaction to tuberculin (0 001 nig) The liver was palpable almost to the le\el 
of the umbilicus On the tw'entj -first day, the gastric residue and feces contained 
acid-fast organisms in large numbers On the twentj -fourth dav, resonance was 
impaired generally over the chest, and fine crepitant rales W'cre heard all over the 
chest Death occurred on the tw'entj -fifth day of life 

November 16, the Wassernianii and Kahn tests of the cord w'crc negative 
November 20, the bleeding tune was four minutes and thirty seconds , the coagula- 
tion time, three minutes November 25, the hemoglobin was 110 per cent The 
red blood cell count was 5,120,000, the white cell count, 11,650 The polynior- 
phonuclears were 52, the small lymphocytes, 46, and the vmdiffcrentiatcd cells, 2 
per cent December 4, the hemoglobin was 106 per cent The red blood cell count 
was 4,320,000, the white blood cell count, 12,150 The polj morphoiiuclears w’ere 
88, the small lymphocytes, 11, and the moonocytes, 1 per cent December 6, 
guinea-pigs inoculated with gastric residue show'ed tuberculosis December 9, 
guinea-pigs inoculated with spmal fluid and blood cultures showed tubercu- 
losis Guinea-pigs given injections of the mother’s milk disclosed no evidence of 
tuberculosis 

At necropsy general miliary tuberculosis was found The brain and long bones 
were not involved 

Microscopically, the tubercles m the involved viscera appeared to be of the 
same age and were exudative Acid-fast organisms were demonstrated m sections 
of the lungs, liver, spleen, kidneys and adrenals Numerous sections through the 
umbilical vein showed no tuberculous involvement The placenta was discarded 
at the time of delivery 

Recognizing that the five breast feedings and the injection of the mother’s blood 
introduce a reasonable doubt, I still feel that the absence of clinical or roent- 
genologic evidence of open tuberculosis m the mother and the negative findings m 
guinea-pigs given injections of the mother’s milk confirm the belief that this case 
IS an example of transplacental infection 
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Primary (’) Tubirculous Pi ricarditis A I RuBr\STONt 

A Russian Jew, aged 64, was admitted to Mount Sinai Hospital, Feb 6, 1933, 
complaining of precordial and epigastric pain For about six years he had bad 
hypertension, and attack'' of precordial pain had often followed physical effort 
These symptoms developed following right hemiplegia, from which recovery had 
been gradual but complete He was fairly well nourished, dvspncic and moderately 
cyanotic at rest, the Iilood pressure was 202 systolic and 95 diastolic The tem- 
perature was 99 r , the pulse rate was 104 and the respiratory rate 24 The 
supracardiac area was slightly broadened, the heart was moderately enlarged in 
all diameters , the sounds were rhythmic and of poor quality, with A2 markedly 
accentuated There was CMdencc of diffuse fibrosis of the lungs, with rales at 
both bases , there were tenderness and rigidity of the right hvpochondnum, and 
the li\er was definitely’ palpable, there was slight prctibial edema 

The presumptne diagnosis w'as advanced arteriosclerosis, w'lth coronary involve- 
ment, hypertension and decompensation, and early bronchopneumonia Cytologic, 
chemical and serologic examination of the blood gave negative results The urine 
was normal Roentgen examination of the chest confirmed the physical evidence 
of moderate cardiac enlargement and also revealed congestion of the basal portions 
of the lungs The electrocardiogram reecaled evidence of myocardial nnohement 
but not of acute coronary' occlusion 

During the month’s hospitahration, the temperature \aried from 99 to 101 F 
Venesection with various medicinal measures resulted in more comfort for the 
patient, w’lth a drop in the systolic blood pressure to 160, but tbe anginal attacks 
became more frequent and severe and were accompanied by increased cvanosis and 
dyspnea The puhnonarv involvement steadily increased, accompanied by a gradual 
weakening of the cardiovascular mechanism The patient died on March 6 

At autopsy the anterior surface of the pericardium w’as nornial The parietal 
pencardium was greatlv tliickencd About 100 cc of bloody’ fluid ivas removed 
from the pericardial sac, revealing a hemorrhagic pericarditis of tbe “bread and 
butter” variety involving the entire surface of the heart and ending abruptly at 
the point of reflection of the pericardium 

The mitral and aortic valves w'cre normal except for moderate atheromatosis 
The left ventricular wall was 1 8 cm thick The right coronary’ vessels and the 
left circumflex branch show’ed some atheromatous change Iiut no encroachment on 
their lumens In addition, the left descending branch in one region showed definite 
constriction of the lumen Histologically, the epicardial layer was thickened by 
multiple tubercles of the productive variety’ The tuberculous process stopped 
abruptly at the myocardial border except in a few’ areas in which a slight infiltra- 
tion of round cells in the outer muscle layers w'as noted There was extensive 
fibrosis of the lungs W'lth diffuse pneumonitis, terminal infarction and atelectasis 
Careful search for other tuberculous foci revealed only a few prominent fibrotic 
mediastinal lymph nodes some distance from the pericardium Histologic study 
revealed a questionable reactivation of very’ old tuberculous lymphadenitis 

Clinical and Pathoiogic Notls on a Casi of Hi ali d Pulmonarv Tubercu- 
losis F Maurice McPhedran and Esmond R Long 

Perfectly healed tuberculosis of the adult tvpe and of unknowm clinical course 
is frequently seen at necropsy Tuberculosis of know'ii course is seldom seen It 
seems worth while, therefore, to put a case, recently observed, on record 

A colored man, 34 vears old, entered the clinic of the Henry Phipps Institute 
in August 1928 with a history of cough of five months’ duration He was well 
nourished, weighing 187 pounds (84 8 Kg) He had lost 18 pounds (8 2 Kg) 
some months previously, but shortly regained the loss Abnormal physical signs 
in the chest were inconstant Roentgen examination showed groups of very light 
spots m the posterior fourth and fifth interspaces on both sides Tubercle bacilli 
in small numbers were found in the sputum in two of three examinations in 
August 
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In 1929, 1930 and 1932 he had acute rcsinratory symptoms, with roentgen 
evidence of bilateral basal nonlulierculous bronchopneumonia and associated basal 
rales The groups of light spots visible in the upper lolies in 1928 were no longer 
apparent m the x-ray films, nor were physical signs referable to this part of the 
chest Repeated examinations of the sputum bctw'een August 1928 and June 1934 
disclosed no tubercle bacilli During these years headaches, polyuria and Msual 
defects developed Roentgen examination of the sKull disclosed an enlargement of 
the sella turcica An operation for tumor of the hypophysis performed on June 28, 
1934, was unsuccessful and tlie patient died in a state of shock a few hours 
afterward 

In addition to the hypophyseal tumor— -an acidophilic cell adenoma— the autopsy 
disclosed significant changes oiilj m the lungs In the posterior parts were edema 
and early mflamniatorv change The lungs W'ere fixed by filling them through the 
trachea with Kaiserhngs solution 1, and after thorough hardening they w'ere cut 
into slices 1 cm thick In the outer portion of the middle third of the right upper 
lobe was a scar which had an anthracotic margin with radiating extensions out- 



isolated healed tuberculous lesion of adult type in the upper lobe of the left 
lung, believed to have been the source of the tubercle bacilli in the sputum five 
years previous to the death of the patient (death from tumor of the brain) 


ward The scar measured 7 by 9 by about 7 mm It surrounded a softer, white, 
partly fibrous mass, measuring 6 by 3 by 4 mm No changes, fibious or otherwise, 
were found in the apex, but there was a calcified tubercle, measuring 2 by 3 bj 
2 mm , just internal to the pleura directly posterior to the scar described 

No other significant gross changes were found in this lobe In the right lower 
lobe was a calcified tubercle measuring 8 by 4 by 8 mm In the regional pulmonary 
lymph nodes was a collection of hard calcified masses, totaling 1 cm in diameter, 
and a calcified mass 8 mm in diameter was present m a lymph node below the 
right mam bronchus close to the bifurcation Congestion, edema, thrombotic emboli, 
early hemorrhagic infarcts and early inflammatory consolidation were seen else- 
where in the lungs 

The diagnosis was healed tuberculosis of the childhood type in the right lower 
lobe and healed ulcerative tuberculosis of the adult type in the left upper lobe 
Microscopic sections of the latter lobe disclosed a dense fibrous wall and a necrotic 
center, infiltrated at the margins with lymphocytes and fibroblasts The usual 
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histologic criteria of activity were absent Tubercle bacilli could not be found 
(Obviously, because of the fixation necessary in finding the lesion, experiments in 
inoculation were ruled out ) The bronchus leading to the region of the scar was 
somewdiat contracted by fibrous tissue, and its lumen was almost filled bj accu- 
mulated, in part degenerated, epithelial cells J he artery to the part was much 
thickened, with a grcatlj reduced lumen In the regional Ijmph nodes, in addition 
to anthracosis. there w'as slight fibrous scarring 

It W’as bclicied that the scar m the right upper lobe represented the ulcerative 
lesion responsible for the sputum containing tubercle bacilli six years before It 
IS altogether probable that this lesion in turn w'as sccondarj to the subpleural 
lesion described, and that the latter was the first lesion of reinfection 

Chaxc.is jn Tin Pituitaki Fonowixc Tiiiiioinicrosn in Pats Isoenr T 
Zi CKW'i li, Liwis W Davison, Thomas B Kiinit and Clahencc S Livix- 
GOOI) II 

A paper on this subject was read before the 'Xmcrican Societj for Experimental 
Patholog 3 , the abstract of w’hicli appears on page 159 

D^soNTOorxiTic OiiiGiN 01 Basai Cm Cakcixoma Josrrii McFaiuand, E F 
CieeoM, and Josli'H GiiriiRTCR 

We endca\ored to confirm or refute Glasiinow s tlieorj that the basal cell car- 
cinoma develops from imperfections in the closure of the embrional facial fissures 
A consideration of the theories as to the nature and origin of the basal cell tumors 
and of the dnersified histologic structure suggests that the tumors arise from some- 
thing more prnmtnc tiian the perfected cpidemi Attention is also called to the 
fact tliat no basal cell tumor lias e\cr been produced experimentallv 

Glasunow' collected 254 cases of basal cell carcinoma, 112 of w'hich after his- 
tologic confirmation had their exact locah^iation on t diagram of the face Their 
distribution conformea almost perfectly with the location of the en]br.vonal facial 
fissures 

We culled SO cases from the material in the Philadelphia General Hosjiital and 
65 cases from that in the American Oncologic Hospital and similarh indicated 
the localizations on a facial diagram With the exception of a few' scattered cases 
the carcinomas tended to fall into positions in fair correspondence W'lth those of the 
embrj’onal facial fissures 

As there is lack of agreement as to the liistologj of basal cell tumors, Ew’ing’s 
criterion was adopted, viz “The normal transformation into squamous cells 
entircl}’ fails ” 

In order to support the evidence bj’ comparison, tw'o other types of dysonto- 
genetic lesions, similarly plotted, were studied These were the so-called sequestra- 
tion dermoids and the facial mixed tumors For the former, Forgue’s diagram W’as 
borrow’ed With the exception of one or tw'O lesions aberrant on the forehead, 
the correspondence was complete The aberrant lesions may have been sebaceous 
cysts mistaken for dermoids 

One of us (Dr McFarland) rcview'ed the entire literature of mixed tumors 
of the face, bp, nose and supra-orbital regions, noting their reported localizations, 
and plotted them on a similar diagram Again, w’lth very few exceptions, which 
may relate to errors in diagnosis, the tumors conform to the distribution of the 
embryonal facial fissures 

So the distributions of the basal cell tumors, the sequestration dermoid cysts 
and the mixed tumors are the same, and the number of aberrant ej’sts and tumors 
is not of sufficient importance to discredit the theory 

Another comparison to act as a control w'as made by similar]}’ plotting 100 cases 
of squamous cell lesions of the face (50 from each institution) The result is 
extraordinarily different, and the distributions have no relation to the fissures 

Conchtstoii — The results obtained are in complete accord with those of Glasu- 
now and support his theory that basal cell carcinoma is of dysontogenetic origin 
and arises from ectodermal cells sequestered in the concrescence of the embryonal 
facial fissures 
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On the Occurrence of Lymphogranulomatosis (Sternberg) m Sweden 

1915-1931 and Some Considerations as to Its Relation to Tuberculosis 

By Martin Uddstromer Acta 1 ubcrculosca Scandiinvicd, Supplcmcntum 1 

Copenhagen Levin & Munksgaard, 1934 

Cases of lymphogranulomatosis in Sweden from 1915 to 1931 mimhcrcd five 
hundred and forty-eight The average rate of incidence is two hundred and eighty- 
eight times less than that of tuberculosis for the years from 1915 to 1930 The 
absolute geographic distribution of I 3 mpbogranuiomatosis coincides with the more 
densely populated areas Regional diftcrcnces are found, but arc evenly distributed 
between the rural and urban populations Several facts argue against the con- 
tagiousness of Ij mpbogranuiomatosis , social and hygienic conditions do not seem 
to be of importance 

Males preponderate over females in number, and this is accentuated in child- 
hood, speaking against occupational factors in the relatuc sexual morbidity 
Ovarian hormones as protective influences for the female do not seem to play a part 

Age IS held to be a predisposing factor, the disease being exceedingly infrequent 
during the first two years of life, not common up to the age of puberty and showing 
a marked increase immediately thereafter The peak of the curve for age does not 
form a maximum, except for females The disease occurs frequently among all 
age groups, in males with increased incidence to form a maximum at about 60 jears 
The relative age at incidence m lymphogranulomatosis conforms only m part witli 
that in tuberculosis 

As to duration, 60 per cent of the patients died in less than two jears, and 
87 per cent in less than four years The data for those aged 60 years or more 
show a shorter duration 

“Neither in geographical distribution nor in family histones, clinical and post- 
mortem cases do we find a coincidence of L G with tuberculosis that can lend 
support to any connection between the two diseases lieyond the fact that L G 
favors the setting in of miliary tuberculosis, where m all post-mortem cases older 
tuberculous changes have been present ” Tuberculin reactions are more frequently 
negative than is generally stated 

A percutaneous portal of entry is not favored, but the material seems to lend 
support to a possible gastro-intestinal portal in some cases, this tract being involved 
in at least one third of the cases Splenomegaly is found in two thirds of the 
cases The peritoneum is rarely involved The abdominal lymph nodes, especially 
the retroperitoneal nodes are preponderantly affected The lungs are affected in 
about one third of the cases, and usually the nodular form of the disease is 
encountered It is difficult or even impossible at times to differentiate either 
clinically or at postmortem examination between lymphogranulomatosis and tuber- 
culosis The hemorrhagic diathesis is not often encountered Leukocytosis occurs 
in many cases, being somewhat accentuated in advanced stages Neutrophils are 
likewise increased, and the great majority of patients show normal or decreased 
eosinophils Anemia is generally mild, but is present in about one half of the 
advanced cases and in about one third of the earlj cases The sedimentation reac- 
tion always shows raised values, which are often marked and may be considered 
of prognostic importance Normal values must not be taken as a sure sign of 
prolonged duration High rates occur more frequently in Ij mphogranulomatosis 
than in tuberculosis 

Records of several rare cases seen clinically and post mortem are given An 
extensive bibliography is included 
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The reviewer wishes to call attention to this monograph as being the most 
detailed and exhaustive survey of a single phase of lymphogranulomatosis yet 
published The most striking observation resulting from this work would appear 
to be that there is no coincidence between lymphogranulomatosis and tuberculosis 
ether than the occurrence of terminal miliarj tuberculosis m association with some 
cases of lymphogranulomatosis 

Experimental Bacteriology in Its Applications to the Diagnosis, Epi- 
demiology, and Immunology of Infectious Diseases Volumes I 
and II Bi Dr W Kollc, Director of the Institute for Experimental Therapy 
and of the Chemicotherapeutical Research Institute “Georg Spever-Haus,” 
Hon Professor at the Universitj of Frankfort, and Dr H Hetsch, Professor 
at the Institute for Experimental Therapj, Frankfort Translated from the 
seventh, completely revised German edition In Dagnei Erikson, the English 
version, incorporating further rciision, edited In John Evre FRS (Edin), 
F Z S , M D , MS, D P H , Director of the Bacteriological Department, Guy's 
Hospital, Professor of Bacteriolog\ , Unuersitj of London Price, §16 
Pp volume I, 592, volume II 613, with 118 plates and 200 text figures 
New \ork The Macmillan Compam, 1935 

The first edition of this book appeared in 1906 T hrough the years the succes- 
sive editions have been accepted as giving a true and authoritative presentation 
of the science and art of bacteriology m theorj and practice according to the 
traditions of the Koch school Translations have been made into several European 
languages, the most recent being this into English from the seventh and last 
German edition The first volume begins with general bacteriologv and immunol- 
ogy, after which come twenty -seven chapters on infectious diseases, nearly all of 
bacterial origin The second volume deals with tuberculosis, leprosv, spirochetal 
and protozoan diseases, diseases due to filtrable viruses, infectious diseases of 
unknown causes (m which are included beriberi, pellagra and scurvy) and diseases 
due to fungi and j easts Because the two volumes constitute an organic whole it is 
unfortunate that each is treated separatelj m the matter of pagination and index, 
especially as there are no indications m the titles as to what each volume contains 
There should have been consecutive pagination and one common index The 
translation impresses one favorably The illustrations are admirable, particularly 
the colored plates The old names of bacteria are used consistentlj and exclusively , 
the indexes do not contain any newer names, such as Corynebacterium, Myco- 
bacterium, Neisseria, Eberthella, Escherichia and Clostridium Bacterial dissocia- 
tion or pleomorphism is not discussed, the old monomorphic conception holds full 
sway In several other respects also the book has failed to keep step with the 
advances, e g , in its discussion of bacterial food poisoning, of typhus fever, of 
brucella infection, of streptococci m relation to epidemic sore throat and to specific 
toxin production in erysipelas The mam value of the book to the student of 
microbiology and infectious diseases lies in its portrayal of the wonderful develop- 
ments in those fields in Germany under the influence of the great pioneers of the 
Koch era 

The Kidney in Health and Disease In Contributions by Eminent Authorities 
Edited bj" Hilding Berglund, M D , Stockholm, Sweden, formerly Chief of the 
Department of Medicine at the University of Alinnesota, and Grace Medes, 
Ph D , Research Biochemist in the Lankenau Hospital Research Institute, 
Philadelphia, with the Collaboration of G Carl Huber, M D , Warfield T 
Longcope, M D , and Alfred N Richards, Ph D , M D Cloth Price, $10 
Pp 754, with 163 engravings Philadelphia Lea & Febiger, 1935 

This book contains the revised and amplified papers contributed to the sj’mposium 
on the kidney at the University of Minnesota in the summer of 1930 This 
symposium was organized by Hilding Berglund, then professor of medicine in the 
university Since his return to Sweden the editorial work has been completed by 
Grace Medes and her collaborators The book contains fortj'-four articles, and 



BOOK REVIEWS 


173 


t 

there are forty-one contributors The contents are cluiclecl into si\ parts the 
anatomy and physiology of the kidnev, the clinical aspects of renal functions, 
Bright’s disease and various other pathologic renal conditions, albuminuria and 
edema, ocular changes m Bright’s disease and tlie clinical aspects of Bright’s 
disease To attempt to review the individual articles is out of the cpiestion The 
authors represent well the active investigators and students of the kidney in this 
country , European visitors contribute several articles The editorial work has 
been done carefully There are good indexes The book is an example of a higli 
standard of book-making It gives a comprehensive review of present knowledge 
of the kidney in health and disease which will prove helpful to all who are 
interested in that field 
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A BiBLiOGiiArn\ oi Tiir Poi m Sm’Uiiis Si\i Mokkus Gaiitcus Giuoiamo 
Fracastko 01 V IRON A Lcoii.i Baumgartner and John F Fulton Price, S5 
Pp 157, with 10 illustrations Xtu Ha\en, Conn Yak Universit}' Press, 1935 
Tni Inti RNATioNAi Cancir Rpsiarch Foi'miation , Ri tort oi Activitifs 
Dlring 1934 Pp 79 

Mi MORiAi Milting in Honor or Wimiam Hlnr\ INricii, Him at the 
Univirsit\ Club, Tlisuas, Mas 22, 1934 Pp 44, with 1 illustration Baltimore 
The Unnersit> Club, 1935 

Kfi-Cataiogul oi Parasitis Riportid lor Csrnuoua (Cats, Dogs, Biars, 
Ere) with Thiir Possiiiii Public Hiaitii Importwcf C W Stiles and 
Clara Edith Baker National Institute Health Bulletin No 163 (Continuation of 
Hygienic Laboratorj Bulletin Senes), December 1934 Price, 20 cents Pp 
913-1223 (pagination continuous with that of Bulletin 159) For sale by Super- 
intendent of Documents, Washington, D C Washington, D C United States 
Government Printing Ofl'ice, 1935 

Collectfd Reprints from tiil Laboratorhs or the Mount Sinai Hospitai, 
New York, Louis Gross, MD, Director, 1934 

Report or the Laboratort and Musium or Comparative Pathoiogv op the 

ZoOLOGICAI SOCITTV OE PHILADELPHIA IN CONJUNCTION IVITH THE Sl\T\ -TlIIRD 
Annuai Report or thl Sociitt Herbert Fo\, M D , Pathologist Pp 32 1935 

Experimentai Studies on Cancer Carl Voegtlm and Others National 
Institute of Health Bulletin No 164, January 1935 Price, 10 cents Pp 58, with 
4 plates For sale by Superintendent of Documents, Washington, D C Washing- 
ton, D C United States Government Printing Ofhee, 1935 

Contribution a l’ltude de la vari \bilite du virus tubehculeux P Denys 
Pp 90, with 6 figures Louvain Impnmerie Saint-Alphonse, 1935 
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TWO RARE INSTANCES OF CARDIOVALVULAR 
DISEASE PRESUMPTIVELY SYPHILITIC 
IN ORIGIN 

ARTHUR R SOHVAL, MD* 

NEW \ORK 

111 a report of two cases of cardiac gummas,^ acquncd teitiai} 
syphilis of the heart - is considered synonymous with gummatous ni} o- 
caiditis, localized or diffuse This is m conformance with current con- 
cepts The characteristics of the lesions aie definite, and the pathologic 
diagnosis is geneially a simple one 

Two additional cases were lecently encounteied which lack the 
accepted diagnostic criteria of gumma, although the collected evidence 
points to a presumptive diagnosis of tertiary syjihilitic heart disease 

This laises a question as to whether the gummatous lesion lepresents 
the sine qua non of caidiac syphilis Enlightenment on this issue may he 
obtained by analogy with aoitic syphilis Coniiei,'* m a masteiful suivey 
of the development of know ledge of caidiovasculai syphilis, desciibed the 
bitter and finally successful “stiuggle for the recognition of the specific 
nature of syphilitic aortitis ” Yet, even today the diagnosis of syph- 
ilitic aortitis IS at best piesumptive and not absolute, since the lesion 
IS usually not gummatous and the specific organism has only rarely 
been recognized in it 

The tw'o cases now reported present unusual lesions of the mitral 
valve As far as can be determined, lesions of the same type have 
not been described hitherto Their nature together with certain points 
of similarity m the findings in pioved cases of syphilitic heart disease 
leported in the literature suggests a clue as to their etiology 

REPORT OP CASE 1 

A 51 year old Austrian was admitted to the medical service of Dr George 
Baehr on May 1, 1931 , complaining that he had had a nocturnal cough productive 
of greenish sputum for four weeks Five days previous to admission he was 
seized with an agonizing and suffocating sense of constriction in the chest From 

Moses Hememan Fellow in Pathology 

From the Laboratories of the Mount Sinai Hospital 

This work was aided by a grant from the Lucius N Littauer Foundation and 
by one from the Emanuel Libman Fellowship Fund in memory of Adele Schiff 

1 Sohval, A R Arch Path, to be published 

2 Exclusive of aortitis with commissural involvement and omitting Virchow’s 
Upe of diffuse myofibrosis (nondiagnostic) 

3 Conner, LA JAMA 102 575, 1934 
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then on there weie moderate difiicuU; in breathing, “tightness” in the chest and 
occasional vomiting 

He had pneumonia in cliildhood, and at the age of 20 jears he suffered from 
gonorrlica and arthritis 

The patient was acutch ill The temperature was 101 F , the pulse and respi- 
rators rates were, respeetueh, 44 and 28 per minute The Iclt pupil was larger 
than the right, both were round both reacted sluggishK to light and were fairh 
active m accommodation Crackling rales were auscultated throughout the lungs 
and were most numerous at the bases posteriorh Bj percussion, the heart was 
found considerab!}’ enlarged to the left, the apev being m the sixth left intercostal 
space in the anterior axillarj hue A diastolic murmur was present along the 
left border of the sternum m the third and fourth intercostal spaces The rhythm 
was regular except for main interpolated beats consisting of only one sound 
Pulsations corresponding to these could lie seen o\er the region of the internal 
jugular ^CIIls but could not be palpated o\er the radial artcr\ at the wrist The 
pulsations m the latter weie of Corrigan’s t\pe and cc|ual By percussion the Iner 
W’as found to extend 1 fingcrlireadth below' the free border of the ribs An old 
penile scar was present On the left calf was a superficial flat scar about 3 cm 
m diameter with a jngmcntcd border Neurologic examination disclosed nothing 
except a positne Hoffmann sign on the left, absence of the plantar and cremasteric 
responses and pupillary changes as noted 

The \\ assermann and Kahn reactions of the blood were negatne The spinal 
fluid was normal cvtologicalU and scrologicallj (the Wasserniann reaction and 
colloidal gold test were negatne) The s%stohc blood pressure \aned between 
156 and 190 mm of mercuri, and the diastolic, between 68 and 84 Hemoglobin 
was 76 per cent There were 10,000 leukocytes per cubic millimeter of blood, of 
* which 90 per cent were pol\ morphonuclear neutrophils The blood contained 
27 mg of urea nitrogen per hundred cubic centimeters The urine contained a 
moderate amount of albumin and occasional leukocjtes 

An electrocardiogram showed complete aunculovcntncular dissociation The 
auricular rate was about 110 per minute and the ventricular rate about 58 There 
was deep inversion of the T waves in all leads }ihocardial damage was suggested 
by the tracings 

On the third dav after admission the patient suddenh lapsed into stupor and 
died on the following daj 

The final diagnosis w'as sjphihtic aortitis, aortic lnsufTiclenc^ and complete 
heart block 

Aiitopsv — The cardiac findings are given in detail The heart (fig I A) was 
considerablj' enlarged and w'eighed 500 Gm There w'as no evidence of peri- 
carditis The right auricle and ventricle were slightlv dilated The tricuspid and 
pulmonary cusps were normal The root of the pulmonary arterv w'as normal 

The left auricle w'as enlarged and somewhat Iw pertrophied Its endocardium 
W'as thickened and whitened The posterior mitral leaflet w'as normal The ante- 
rior mitral leaflet w'as whitened, and its upper tw'o thirds definitelv thickened 
This portion felt cartilaginous When this leaflet was split open it was found to 
measure 4 mm at the auricular attachment The cartilaginous structure w'as seen 
to continue upw'ard behind the auricular wedge to become continuous with the root 
of the aorta, on the one hand, and with the septum fibrosum, on the other The 
left ventricle was somew'hat hypertrophied and considerably dilated The posterior 
papillary muscle appeared to be atrophic and showed hemorrhages at its apex 
The anterior paplllar^ muscle W'as of normal size but also contained hemorrhages 
at its apex The outflow' tract was decidedlv elongated 




Fig 

the dens 
{a) and 
high poi 
and larg 
auriculai 
elastica 
fibrosa ] 
Gieson’s 









178 


ARCHIVES OF P4riI0L0GY 


The aortic cusps were of usual size The right cusp showed a rounded thick- 
ening occupying approMinatcly 1 cm of the middle portion of its free edge The 
right posterior commissure was somewhat fused The posterior leaflet show’ed a 
rounding and shortening The posterior extremity of the left leaflet showed a 
similar lesion, and the left posterior commissure was the site of a moderate sepa- 
ration (2 mm ) The endocardium over the undefended space was thrown up into 
rugosities These prominences felt somewhat ruhberj, and the undefended space 
was opaque to light The rugosities over the endocardium of this space were 
continuous with a similar lesion on the ventricular surface of the anterior mitral 
leaflet and in the region of the left jrostcrior commissure The lesion continued 
through the separation of tins commissure and could be seen lery markedly within 
the pockets of the component cusps The sinus pocket of the right cusp also 
show'ed striations and rugosities which, howcier, were less marked The right- 
left commissure showed a separation approximately 1 mm in width 

The aorta measured 8 cm at its root and showed mild sclerotic plaques 
Coronary arteries and their branches showed discrete mild atheromatous changes 
w'lthout narrow ing 

Micioscopic E\ainiiialioiV — Aorta The ascending portion abo\c the root 
presented onl} mild alterations A slight fibro-elastic proliferation was present 
in the intima There W'ere many capillaries surrounded b\ small areas of fibrous 
tissue in the outer half of the media The ^asa vasorum of the adventitia were 
thickened by a hyperplastic intimal process with some narrowing of the lumens 
and perivascular accumulations of plasma cells and lymphocjtes 

Mitral and Aortic VaUe The sinus wrall of the posterior aortic cusp, con- 
taining the root of the aorta and the annulus fibrosus of the \ahe, w^as liberalh 
involved by foci of Ijmphocytes, fibroblasts, large mononuclear and plasma cells 
and capillaries, which continued dow'ii to implicate the ring and base of the \al\e 
cusp and the dense fibrous tissue behind the annulus From here this inflammaton 
process, set in whorls of connective tissue, extended through the mtervahular 
fibrous layer into the fibrous layer of the anterior leaflet of the mitral vahe The 
latter structure was therefore markedly broadened The aortic cusp was normal 
(except for the inflammatory lesion at the base) Its tip w’as expanded into a non- 
inflammatory, avascular, fibro-elastic, bulbous formation Superimposed on the 
sinus wall was a well developed fibrous proliferation continuous with that of the 
Ultima of the aorta just described 

Anterior Cusp of Mitral Valve The leaflet w'as markedly and diffuseh 
widened for the proximal two thirds of its length by a dense hj’^aline connectne 
tissue expansion of the fibrous layer continuous with that described in the inter- 
valvular fibrosa It was arranged in whorls and was extensively involved b\ 
numerous small capillaries (some with well developed elastic coats) and peri- 
vascular aggregations of plasma cells, lymphocytes and larger mononuclear cells 
(fig 1 jB) At each border of the fibrosa there was a condensation of the inflam- 
matory process which formed the base of a band of fibrous tissue proliferation, 
fairly well supplied with elastica, vascularized, infiltrated, and more prominent on 
the auricular side, where the vessels were larger and had thicker walls (fig 1 C) 
The original auricular and ventricular elastic lamellae tended to be frayed and 
reduplicated This chronic inflammatory process likewise infiltrated the tip of the 
left auricular myocardial w'edge The Levaditi stain was negative 

4 Blocks of cardiovalvular tissue in this and the followung case w'ere cut 
according to the standardized procedure of Gross, Antopol and Sacks (Arch Path 
10 840, 130) Sections were stained with hematoxylin and eosin and in duplicate 
with Weigert’s elastic and Van Gieson’s connective tissue stain 
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Posterior Cusp of Mitral Vahe Ihe ring and \alve wcic normal 
Tricuspid Vahe and Interventricular Septum Ihe iing and proximal por- 
tion of the leaflet contained a generous number of capillaries and round cells The 
fibrous septum was markedly thickened bj a sclcrocclluloiasciilar process identical 
with that described m the anterior mitral flap The region of the bundle of IIis 
was the site of a more focal and extensice, though similar, nnohement with 
clastic scar tissue and obhteratue arteriolar lesions There w’ere large numbers 
of fibroblasts In its midst were seen remnants of degenerated muscle fibers 
Pulmonari Vahe The ring, calve and arterc' were normal 
Posterior Papillarc Muscles There were extensne areas of deeph staining 
nnocardial fibers of hvalme appearance w’lth loss of nuclei and stnations, nidica- 
tne of massne necrosis In general, their form was preserved, although m occa- 
sional foci tliej were completeh disintegrated Betw'cen the muscle bundles w'cre 
extravasted erithrocjtes and marked infiltrations of leukocj'tes, almost entireh 
polymorphonuclear, and arranged in more or less linear distribution There was 
a moderate amount of perivascular fibrosis 

Left Auricle The auricle was normal except for some sclerotic thickening of 
the endocardium 

Other significant findings at autopsy included congestion and edema of the 
lungs and congestion of the Iner and spleen Ecidcnce of extracardiac sjphilis 
was not discovered® 


COMMENT ON C\SE 1 

Because of the history of gonoithea, the cardiac findings, Coiiigan 
pulse, penile scat, pupillaiy signs and leflex changes, this patient was 
legarded chincally as piesenting syphilitic aortitis with aoitic insuffi- 
ciency Necropsy not only confinned this impression but disclosed a 
lesion of cartilaginous hardness in the mitral valve and septum fibiosum 
with destruction of the bundle of His While a lesion m the lattei 
situation might ha^e been suimised from the clinical and electrocaidio- 
graphic evidence of heart block, the alteration m the mitral valve was 
a completel}" unexpected finding since it gave rise to no clinical signs 
Until recently, the existence of proof of syphilis of the mitial valve 
was denied® To date there are but two authentic cases on recoid, 
Friedman'^ and Staemmler ® each repoited one case of initial syphilis 
111 combination with syphilitic aortitis and aoitic insufficiency The 
Wassermami reaction of the blood was positive in both In each case 
the lesion consisted of a firm thickening of the antei lor leaflet by dense 
mflammatoiy connective tissue There were diffuse mfiltiations of 
round cells Mihaiy areas of necrosis and young capillaries were 
present Giant cells were found only m Staemmler’s case Schmoil® 

5 The brain w'as not examined 

6 Breitmanii M Gaz d hop 76 213, 1903 Steinberg, M J Am T 

Svpb 12 316, 1928 J ^ J 

7 Friedman, W Proc New York Path Soc 24 24, 1924 

8 Staemmler Verhandl d deutsch path Gesellsch 25 262, 1930 

9 Schmorl, in discussion of report by Staemmler ® 
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cited Geii^el’s case of lesions in the initial valve identical with those in 
Staeininlei ’s case Other cases of so-called S}phihtic initial valve disease 
aie most piobably instances of associated endocarditis 

In view of the extieine lanty of s\phiht!C initial valvulitis, great 
caution must be exeicised m accejiting a neu case, especially m the 
absence of coagulation necrosis However, ceitain features point strongly 
to syphilis as the etiologic factoi in the instance iindei discussion 

The aoititis and aoitic insufficiency weic t\picalh syphilitic The 
negative seiologic data do not vitiate the diagnosis since the serologic 
findings in a fair percentage of cases (about 20 jiei cent) of pioved 
cai diovasculai syjihilis are negative 

Blocks of cardiovalvulai tissue weic cut according to the standardized 
method of Gross, Antopol and Sacks These included one section 
taken through the loot of the aorta, the posteiior aoitic cusp and the 
anteiior flap of the mitral %alvc Fiom a stud} of the normal 
topogiaphy m this legion (fig 2) it is not difficult to see how the 
medial and adventitial lesions of syphilitic aoititis inai descend to 
involve the annulus fibrosus of the aoitic valve, the loose tissue behind 
it the mtervalvulai fibrous la}Ci and the fibiosa of the anterior curtain 
of the mitral valve 

Micioscopic examination of this crucial section enabled one to trace 
the entire piocess as it extended fiom the loot of the aorta into and 
behind the aoitic annulus, thiough and alongside the intei valvular 
fibiosa and into the fibrosa of the aoitic flap of the mitral calve These 
obseivations confirm the mode of extension noted by Staemmler® m 
his case They hkewuse lepiesent a much latei stage than the eaih 
mild piocess noted subsequently in case 2 (fig 4 A and B) 

The cause foi the complete heait block noted duiing life was found 
m the densel) fibious and gianulomatous lesion m the membianous 
poition of the intei venti icular septum involving and destiovmg the 
bundle of His This infiltration had the same gioss and histologic 
chaiacteiistics as those noted in the anterioi flap of the initial valve 
and loot of the aoita with wdnch it w'as continuous It likewise most 
piobably originated b} extension from the loot of the aoita 

To the twelve instances of heait block due to caidiac syj^hilis col- 
lected b}'' Majoi are added those of Handw’^erch Holteidoif,^® 
de Maival and Vivoh,^^ Cleland and Kux,^'’ bunging the total number 

10 Gross, L , Antopol, W, and Sacks, B Arch Path 10 840, 1930 

11 Major, R H Arch Int Med 31 857, 1923 

12 Handwerch, C Munchen nied Wchnschr 56 916 1909 

13 Holterdorf, A Munchen med Wchnschr 63 1651 1916 

14 de Marval, L, and Vnoh, D Rev Soc argent de biol 2 425, 1926, 
Rev Soc de med int v Soc de tisiol 2 397, 1926 

15 Cleland, J B M J Australia 1 540, 1927 

16 Kux, E Ztschr f Kreislaufforsch 24 1, 1932 
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of recoiciecl cases to seventeen While tjpical isolated caidiac gummas 
involved the conduction sjstem m the vast majoiity of these cases the 
lesion in the instance lepoited by Vaquez and l-smcm closely 
lesembled that found in this case m the piedommance of scleiotic and 
absence of neciotic processes Thei accoidmgly designated the lesion 
as a sclerogummatoiis one despite the fact that giant cells and coagula- 
tion necioses weie absent 



Fig 2 — Reproduction from Gross and Kugel (Am J Path 7 445, 1931, fig 6), 
showing the topography of the noimal aorta (a), posterior aortic vahe (h) and 
anterior mitral valve (c) This indicates the path of extension of syphilis from 
the root of the aorta through and behind the intervalvular fibrosa (d) to the aortic 
leaflet of the mitral valve Weigert’s stain for elastica and Van Gieson’s connectne 
tissue stain were used Magnification, 75 mm , X 4 


In the light of the foregoing obseivations, it is evident that the 
lesion in the anteiior leaflet of the initial valve m this case oiiginated 
fiom a syphilitic process at the loot of the aorta and was continuous 
with an identical lesion in the septum fibiosum It consisted essentially 


17 Vaquez and Esmein Presse med 15 57, 1907 
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of a well seal led gianuloma, piesumabl} s}philitic The absence of 
positive Le^adltl stains does not lender this less likely, since such is 
the lule even in authentic cases The close lesemblance of the valvular 
lesion to that noted by Fiiedman' and Stacmmlei ^ (difienng essen- 
tial!} in the absence of coagulation ncciosis and the pi edominance of 
fibiosis) IS veiy suggestive The sti iking similaiit\ of the lesion in 
the conduction S}Stcm to that obseued b} Yaque/ and Esmeiii furthei 
strengthens the piobability that the condition was siphilitic 

The advanced sclerotic condition of the lesion lacking coagulation 
neciosis and giant cells ina} indeed signif} that a pievioush gummatous 
infiltiation is now' undei going healing and scainng On the other hand 
this type of lesion ma} simpl} icpiesent syphilitic invasion of the 
fibious stiuctuies of the heait (vaKc and fibrous septum) from a con- 
tiguous piocess at the loot of the aoita 

RLPORT or c\sr 2 

A 20 vear old white woman, unmarried, was admitted to the hospital under 
the care of Drs FI Abramson and B S Oppenheimer on March 29, 1930, com- 
plaining that she had had “bronchitis,” djspnea, hemoptisis and pretibial edema 
for three weeks Two scars prior to admission she was found to base a “leaking” 
heart Serologic examination of the blood and spinal fluid had been performed 
and the results reported as negatne She had a paratyphoid infection at the age 
of 4 and influenza during the pandemic 

She w’as admitted to the hospital m an almost comatose condition The tem- 
perature w'as 986 F , the pulse rate was 128 and the respiratory rate 18 per 
minute She was chspneic and pale Marked pulsation of the peripheral arteries 
of the extremities and neck was apparent The left internal jugular sem was 
prominent There w'as edema of the legs, thighs, sacrum, back, left hand and left 
breast The pupils were dilated and did not respond to light There w'ere physical 
signs of an effusion in the left pleural cavity Rales were heard diffusely' through- 
out both lungs The heart was enlarged, its action w'as regular Systolic and 
diastolic murmurs w'ere heard oser the aortic area The liver w'as tender and 
palpable as far as the umbilicus She continued to grow' w'orse and died several 
hours after admission to the hospital 

The systolic blood pressure had been 100 and the diastolic 0 Hemoglobin was 
60 per cent, w'lth 2,560,000 erythroc\tes and 30,000 leukocytes per cubic millimeter 
of blood The differential count w'as 77 per cent polvmorphonuclear cells and 
23 per cent lymphocytes 

The final diagnosis w'as myocardial decompensation, chronic cardiovalvular 
disease and aortic insufficiency 

Autopsy — The pericardial cavity contained approximately 100 cc of clear 
amber-colored fluid The heart (fig 3) w'eighed 500 Gm It was much 
elongated and presented a marked dilatation of both ventricular cavities The 
right auricle was moderately dilated The tricuspid valve, pulmonary cusps and 
pulmonary' artery were normal 

The left auricle was slightly dilated, its endocardium w-as markedly w'hitened 
The aortic leaflet of the mitral valve w'as firm and thickened The chordae ten- 
dmeae had normal insertions into the free margin of the cusp The posterior 
papillar\ muscle show'ed marked thickening of its endocardium and had a dense 
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whitish appearance The left ventricle was moderately hypertrophied llie apex 
of the left eentricle, near the septum, contained an adherent firm thrombus Ihc 
outflow passage had a dense white endocardium, and Us mjocardium was scarred 
The ventricular surface of the aortic leaflet of the mitral vahe was the seal 
of a diffuse deposit of firm consistencj, pearh color and finelv striated surface 
This deposit extended up the outflow passage over the membranous sejitum to the 
base of the right and posterior aortic cusps, where it extended for a ver) short 
distance on these cusps There i\as a striking defect of the right cusp in the form 
of a complete absence of the entire Iialf adjacent to tlic posterior cusp Onlv the 
line of insertion of this part of the cusp remained It was situated 1 cm below 
the original annulus fibrosus, wdncli was still Msiblc The posterior cusp, aside 
from the moderate thickening and a small deposit of material similar to that 



Fig 3 (case 2) — View of the left side of the heart showing syphilitic aortitis 
(a), loss of substance of the posterior portion of the right aortic cusp (b) and 
extension on to the endocardium over the membranous septum (c) and the aortic 
leaflet of the mitral valve (d) An adherent mural thrombus is shown at the 
apex (e) 


already described, presented nothing remarkable This was also true of the left 
cusp The aortic valve commissures appeared normal except in the region of the 
defect, where there appeared to be some slight separation 

Rising from the region of the posterior right commissure there was a more 
or less circular, closely ridged elevation about 2 5 cm in diameter, which appeared 
to be continuous through the absent portion of the cusp wuth the striated deposit 
on the membranous septum and the anterior mitral leaflet The remainder of the 
aorta showed practically no change The coronary orifices were normal The left 
anterior descending and left circumflex coronary arteries w'ere patent throughout 
although moderately sclerotic 
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MicioscoHc Exainiiialioit — Aorta Tlicrc was marked fibro-elastic prolifera- 
tion of the mtmia Tlie arclntectiire of the media was tremendotislj distorted 
lliere w-ere innumerable irregular scars, clnefl\ pernascular m location The 
middle coat was c\tensnely capillarired, and occasionally a tlnck-w ailed arteriole 
w'as obsersed with marked obliterative Inperplasia of the intuna The elastic 
fibers w'ere distorted, fragmented, twisted and in main areas coinpletelv absent 
Muscle fibers had largch disappeared There was a sparse number of hinphocites 
and mature fibroblasts, chiefls in the pernascular regions 

The adicntitia w'as inarkedh thickened In dense fibrous tissue, in wdiich the 
easa easorum revealed e\tensi\e endarterial Inperplasia w'lth considerable nar- 
row'iug of their lumens 'lhe\ were surrounded frequenth In slight aggregations 
of hmphoid cells This process continued unabated into the periadientitial sub- 
epicardial tissue The Leeaditi stain was negatue 

Right Aortic Cusp Through the Defectne Portion The media and ad\en- 
titia of the root of the aorta reie.iled lesions identical w'lth those just described 
The process could be seen evtendmg downward toward the origin of the anterior 
flap of the mitral vaKe 

Superficiallv (corresponding to the dififiise, pearlj, finelj striated deposit noted 
in the gross specimen) there was a proliferated mass of loose, spongj, cellular 
tissue containing mam joung and mature fibroblasts, a rare thin-w ailed capillan 
was evident m it 

The ridge corresponding to the remnant of the cusp was composed of a tri- 
angular, dense, vasculanred expansion from the inflamed inters ah ular fibrosa It 
contained irregular arrangements of elastic fibers, frequenth in compact masses, 
occupMUg chieflv the periphcii of the central fibrous area Mam thm-w ailed 
capillaries and a sparse number of small round cells were present 

Anterior Mitral and Posterior Aortic Cusps The posterior aortic cusp and 
spongy ring w'ere normal The annulus fibrosus and the tissue immediateh behind 
it (fig 4 A) were moderately imaded In hmphocytes. capillaries and arterioles, 
the latter frequently wnth obliteratnc endarterial lesions identical w’lth those 
desciibed m the aorta The process could be traced unchanged m degree or char- 
acter through the mtenahular fibrosa and ring of the mitral lahe into and along 
each side of the fibrous layer of the anterior leaflet (fig 4 7?) for half its length 
Its thickness w^as thereby roughly quintupled 

The normalh delicate auricular laver of clastic fibers became frayed and almost 
lost m this region Superficial to it was a poorh elastified well capillanzed and 
infiltrated fibrous tissue hj^perplasia actualh' wider than the original fibrosa laier 
On the opposite side a similar but less lasculanzed proliferation of fibrous tissue 
rested on an intact ■ventricular laver of elastica and was seen to be continuous wnth 
the hyperplastic tissue noted in the region of the defective aortic cusp 

Posterior Cusp of the Mitral Valve The valve and ring were normal 
Pulmonary Valve The vahe and ring w'cre normal The adventitia of the 
root of the pulmonary^ artery presented a picture wdiich w'as identical with that 
in the aorta, and wdneh undoubtedly^ represented an extension through the subepi- 
cardial tissue at the base of the heart 

Tricuspid Valve The ring and valve w'ere normal In the septum fibrosuni 
the collagen fibers were arranged in whorls There was a moderate degree of 
capillanzation with sparse focal accumulations of ly mphoevtes In the bundle of 
His, at this level, could be seen marked intlmal proliferation of the arterioles, 
occasional lymiphocvtic aggregations and distinct fibrosis The endocardium on 
the left aspect of the septum fibrosum was tremendously thickened by a loose, 
spongy fibrous tissue proliferation containing extreme numbers of fibroblasts and 
occasional capillaries 




Fig 4 (case 2) — A, region of the annulus fibrosus (a) of the posterior aortic 
cusp Note subaortic proliferation of avascular fibrous tissue (/;) The inflam- 
matory process in the root of the aorta (c) is continuous with that in and behind 
the annulus A vessel m the latter situation is obliterated by endarteritic hj^per- 
plasia (d) B, inferior prolongation of the block of tissue from which section A 
was cut Note the aortic leaflet of the mitral valve, showing broad hyperplastic 
inflammatory proliferations on the auricular («) and ventricular (b) side of the 
thickened, infiltrated fibrosa layer (c) Both A and B show staining with Wei- 
gert’s elastica stain, hematoxylin and Van Gieson’s stain Magnification, 35 mm , 
X 12 
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Left Auricle, Left Ventricle and Right Ventricle These uere normal 

Other Organs Other postmortem findings of importance were confluent 
bronchopneumonia of the middle and lower lobes of the right lung, infarction of 
the low'er lobe of the left lung, with acute fibrinous pleuritis, bilateral hjdrothorax, 
hydroperitoneum, edema of the lower extremities, chronic passne congestion of 
the liver and spleen, old infarct scar of the left kidney and thrombosis of the left 
subclavian vein near its mouth No lesions of sjphilis were found in any of the 
other organs 

COMM CM ON CASH 2 

The cardiovalvulai lesions found in this 20 year old girl were very 
unusual The seveielv scaned aoita the destructive lesion of the aortic 
valve and the fibrous thickening of the anterioi mitral leaflet were con- 
tiguous piocesses and were unqucstionabl) inflaminatoix in origin 

The youth of the jiaticnt (in whom the clinical historj indicated 
a valvular defect m hei eighteenth year) seems to militate against a 
possible syphilitic etiologj' and favois the likelihood of rheumatic 
cardiovalvular disease However, the latter ma} be satisfactorily 
excluded fiom the diagnosis since caieful study of many sections failed 
to reveal any lesions suggestive of it 

Microscopic examination of the lesion at the root of the aoita dis- 
closed a very seveie giade of aortitis which was recognized by 
available cnteiia to be distmctl) s}phihtic It is out of all proportion 
to the rheumatic lesions described m the aorta In Klotz and by 
Pappenheimer and Y on Glahn 

The destructive loss of one half of an aoitic cusp suggests the 
possibility of bacterial endocarditis as the etiologic agent In the 
absence of absolute evidence to the contrai}, this diagnosis cannot be 
definitely excluded, although it is haidly likely In addition, one must 
not overlook the possible etiologic significance of the paratvphoid and 
influenzal infections in hei childhood 

In searching the literature for a clue as to the natuie of this valvular 
defect, a strikingl}'^ similai case was encountered Spalding and Von 
Glahn’s patient,-- a man aged 31, woth a positive Wasseimann reaction 
of the blood, suffered from caidiac decompensation Sudden death was 
found to have been caused by a rupture of the posterior papillary muscle 
due to an eaily gummatous focus containing spirochetes A plaque of 
supravalvulai mesaortitis w^as found above and involving the left 
posterior-anterior commissure The anterior half of the left posterior 

18 The brain was not examined 

19 Klotz, O Tr A Am Physicians 27 181, 1912 

20 Pappenheimer, A M , and V on Glahn, W C Am J Path 3 583 1927 

21 The bacterial stain was negative, although this does not exclude a healed 
stage 

22 Spalding, E D , and Von Glahn, W C Bull Johns Hopkins Hosp 32 30, 
1921 
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aortic cusp was entirely destroyed, a small iidge indicating its pievious 
site of attachment The left half of the anterior cusp was also eioded 
but to a lesser extent 

The fibrous thickening of the anterior mitral leaflet boie several 
points of resemblance to the finding in case 1 Reference to the autopsy 
piotocol and to the photomicrographs (fig 4 and B) indicates that 
here again a similar inflammatory piocess followed the same path of 
extension from the base of the aorta to the anterioi flap of the mitral 
valve and on to the endocardium over the membranous septum 
However, the mitral valvular and septal lesions were less intense In 
fact, the lesion in the bundle of His apparently failed to produce heart 
block in this case 

Despite the negative Levaditi stains and the age of the patient, the 
accumulated data point to syphilis as the probable cause of the lesions 
The characteristic aortitis, the similaiity of the aortic valvulai lesion 
to that in Spalding and Von Glahn’s -- case of proved s)^philis and 
the resemblance of the mitial valvular lesion to that in case 1 and in 
Friedman’s' and Staemniler’s ® cases support this viewf Unfoitunately 
the patient did not live long enough foi a serologic examination, the 
leliability of the previous examinations is uncertain 

The age of the patient suggests the possibility of congenital tertiary 
syphilis, which cannot be entirely ruled out Howe\ei, the rarity of 
authentic cases of congenital syphilitic aortitis after infancy and the 
absence of stigmas of congenital syphilis render such a diagnosis very 
doubtful 

RECAPITULATION 

Acquired tertiary syphilitic heart disease (exclusive of commissuial 
aortitis and the nondiagnostic type of myocardial fibrosis) has hereto- 
fore been considered synonymous with gummatous lesions 

However, the two cases reported here presented macioscopic and 
histologic lesions which, when considered in connection wnth those in 
other cases recorded in the literature, are extremely suggestive of 
syphilis They point to the existence of tertiary syphilitic caidiac lesions 
which are not distinctly gummatous In other words, it appears that, in 
addition to diffuse and localized gummatous lesions (described in 
a previous report^), a thud type of syphilitic involvement can be 
recognized in which coagulation necrosis and giant cells are absent 
This lesion is apparently very rare Its gross appearance is that 
of a fairly well circumscribed, densely sclerotic, whitish, caitilaginous 
mass In a valve it produces marked thickening of the structure The 
histologic picture is one of dense irregular or whorled connective tissue 
formation Valvular elastic lamellae are reduplicated and frayed The 

23 Stolkind, E J Brit J Child Dis 17 126, 1920 
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entne lesion is apl to be extensive!} Aasculari/ed , capillaiies and 
aiteiioles -with oblitei alive endaiteiial lesions are found These aie 
usually suiiounded b} focal accumulations of hinphoc}tes, plasma cells 
and laige inononucleai cells Diflusc ccllulai infiltiations are likewise 
piesent In the antenoi leaflet of the mitral A^alve, the process aiises 
b} extension from s}philitic disease at the loot of the aorta 

In summai} the pictuie is that of a well scaired granuloma in which 
neciotic foci have disappeaied The fact that coagulation necrosis is 
absent should not exclude the diagnosis of s}pbilis am moie than it 
docs in the case of s}philitic aoititis The lesion in the initial A'alve 
m the cases of Fiiedman" and Staemmlci belongs to this t^pe ot 
gianuloinatous involvement difteimg howcvei b\ possessing areas of 
coagulation neciosis and less jiiomment fibiosis, i e , a inoie actne type 
of granuloma 

SUAIMARA 

Two cxtieinely unusual instances of caidiovah ulai disease are 
repoited in which the accumulated evidence points to a piesuinptue 
diagnosis of accpiiied teitian s}philitic heait disease 

The lesion cncounteied lepiescnts a well scaned gianuloina most 
pi obabl\ syphilitic 

The question is laised as to whethei the tipical gummatous lesion 
of the heait fapait fioin commissuial aoitic s}phihs and the non- 
diagnostic siphilitic imofibiosis) constitutes the sine qua non of caidiac 
S} philis 



VASCULAR LESIONS IN SURGICALLY EXCISED 

STOMACHS 

GEORGE H FETTERMAN, VD 
At \\ \ irw , PA 

The frequent obserAation of vaseular lesions in suigicalU excised 
stomachs m these laboi atones led to the present study of such lesions m 
1 elation to gastnc and duodenal ulcci Although much has been wnttcu 
concerning gastnc aitenosderosis, its impoitance is piobablj much 
underestimated A few woikeis have held that vasculai disease is the 
piimai) factoi m the causation of peptic ulcei Thcie aie numeious 
opponents to this new who not only lefuse to accept it in its entiiety 
but have set vasculai distui bailees entiiel} aside in tlieoictical consideia- 
tions of the pathogenesis of peptic ulcei Admittedl} there is no pi oof 
that vasculai lesions aie the mam tactoi in the piodiiction of gastric 
ulcei Howevei, it seems not uiilikel} that aiteiiosclciosis may pla\ a 
idle in the localization and peisistence of ulcer With this in mind a 
careful S3’-stematic study of the aiteiial changes in a senes of lesected 
gastnc specimens was undertaken Attention was directed paiticulaih 
to the nature and distnbution of the vasculai changes As a lesult of 
the study ceitain conclusions have been diawn in legaid to their etiologi 
and then possible significance in the pathogenesis of peptic ulcei 

Arteriosclerosis of abdominal vessels was mentioned by von Rokitansky and 
Lebert as early as 1852 In 1853 Virchow^ postulated a relationship betueen 
gastric ulcer and arteriosclerosis, but it was not until 1884 that pathologic studies 
of gastric arteriosclerosis, per se, began to appear in the literature In that year 
Gallard - published a report on two cases of gastric ai teriosclerosis, with autopsi 
One was that of a voung man 28 years of age, who bad experienced epigastric 
discomfort and hematemesis Post mortem there was found a small mucosal 
erosion, in the base of which lay a tiny artery with aneurysmal dilatation In the 
other case, that of a man 51 years of age, autopsy disclosed a similar gastric 
mucosal erosion, also presenting at its base a small aneurvsm of a submucosal 
artery 

From this time on, case reports of gastric arteriosclerosis cropped up sporad- 
ically in the literature In 1908, Lewin,* after reviewing the literature on gastric 
arteriosclerosis then extant, and adding two cases of his own, concluded “1 It 
IS possible to have severe arteriosclerosis of the stomach with only slight arteno- 

From the Department of Pathology, Universih of Toronto, and Toronto 
General Hospital 

1 Virchow, quoted bv Ophuls, W Arch Int Med 11 469, 1913 

2 Gallard, quoted by Hamburger, W W Deutsches Arch f klin Med 
97 49, 1909 

3 Lewin, A M Arch f Verdauungskr 14 114 1908 
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sclerosis of the aorta and other vessels 2 Arteriosclerosis of the stomach maj 
lead to multiple aneurysms 3 Arteriosclerosis of the stomach may occur m 
very young people ” Buday,-* in the same year, reported the autopsy m a case of 
widespread, marked sclerosis of gastric arteries and moderate general arterio- 
sclerosis 

Hamburger in 1909 collected a number of cases with autopsy, beginning with 
that of Gallard in 1884 He w'as able to glean twelve case reports from the litera 
ture In four of these an aneurysmal dilatation of a submucosal artery was found 
in the base of a mucosal erosion Hamburger noted that in only six of the 
tw'elve cases had the tissues been subjected to microscopic investigation, and called 
attention to the case of Carrier in wdnch no gross lesions could be demonstrated 
He noted, moreover, that the ages of the patients ranged from 28 to 79 rears, 
and that in all there rvas a tendency to general arteriosclerosis 

Hamburger’s inrcstigations invohed the studr of gastric arteries in cadarers 
of persons of both sexes and of widelj rarring ages He compared the arteries 
of the stomach with arteries elsewhere The relationship between changes in the 
arteries and changes m the gastric mucosa was studied He presented ten cases, 
five in men and fire in women He found that there were definite changes in the 
gastric arteries of the six patients who were under 43 \ears of age Of the four 
older patients, tw'o show'cd no e\idence of sclerosis of llie gastric arteries, although 
there was considerable general arteriosclerosis Of the entire number, six showed 
slight sclerotic changes within the arteries of the stomach, one presented moderate 
change and one marked change Hamburger encountered no aneurysmal dilata- 
tions of small submucosal tcssels such as had been described b\ Gallard, Sachs 
and Hirschfeld His cases presented an extreme variabiht> of the arterial lesions 
in the stomach as to distribution, extent and se\eritv In three of the cases, the 
gastric arteries w'ere not involved uniformlj, certain branches being affected W'hile 
others remained completely free He remarked that there was no rime or reason 
to the distribution of sclerosis in gastric arteries Regarding the relationship 
between general arteriosclerosis and sclerosis of the gastric vessels. Hamburger 
stated “From the condition of the larger vessels one cannot come to a conclusion 
regarding the state of those of the stomach” Finally, he obser\ed that the vessels 
along the lesser curvature of the gastric w'all were most often affected 

Ophuls,® in a paper concerned mainly w'lth the consideration of the etiologi 
and pathogenesis of peptic ulcer, tabulated eighteen cases of chronic ulcer of the 
stomach associated with general arteriosclerosis wdnch had come to autopsy The 
gastric arteries were examined in five of the cases, arteriosclerosis was noted 
either in the arteries in the base of the ulcer or in vessels supplying the region in 
which the ulcer occurred In the same communication, he reported four cases of 
chronic peptic ulcer in young persons The ages ranged from 24 to 39 years 
He was able to find gastric arteriosclerosis, associated with little or no general 
arteriosclerosis, in each one of this group Regarding the origin of the local 
arteriosclerosis, Ophuls stated “ I am inclined to believe that in such 

instances also one is dealing with a local primary disease of the arteries like that 
which nobody denies to exist in cases of spontaneous gangrene of the leg in jouiig 
individuals The one strong reason m favor of this view is that the disease in 
the arteries in these cases also usually extends a good distance beyond the base 
of the ulcer ” 

4 Buday, K V Beitr z path Anat u z allg Path 44 327, 1908 

5 Hamburger, W W Deutsches Arch f klin Med 97 49, 1909 

6 Ophuls, W Arch Int Med 11 469, 1913 
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Zeek and Phair reported three cases that had come to autopsy, in each of 
winch diffuse sclerosis of small vessels was encountered within the gastro-enteric 
tract In two of the cases there was massive gangrene of the stomach and intes- 
tines In the third there was extensive ulceration of the enteric tract without 
involvement of the stomach Microscopic examination in each case revealed 
marked intimal thickening of the submucosal arteries, with ulceration and inflam- 
mation of the areas of mucosa supplied by them There was evidence of general 
arteriosclerosis m all three patients 

From the pieceding brief review of the hteratuie it is evident that 
much serious thought and study have been given to the pioblem of 
gastric arterioscleiosis, paiticulaily from a pathologic point of view A 
few of the points mentioned, I considei, cannot be overstiessed The 
suggestion of Ophuls that gastric aiteiiosclerosis is a local piimary 
disease of the aiteiies is of impoitance It may be seen fiom the woik 
of both Buday and Hambuiger not only that gastiic aitenosclerosis is 
not necessarily associated with geneial aitenosclerosis, but that general 
arteriosclerosis, or scleiosis of great vessels, may exist without con- 

Table 1 — Conditions Rcpicscntcd in Specimens 


Ditifcnosis Number o£ Onscs 

Gastric ulcer 7 

Duodenal ulcer 13 

Secondary (previous operation had been perfonned) 8 

Gastritis (symptoms o£ ulcer but no ulcer could be demonstrated cllni 
eally or pathologicallj) 2 

Total 30 


comitant sclerosis of the arteries of the stomach The finding by 
Hambuigei that the vessels along the lesser curvature of the gastiic 
wall weie oftenest affected is of mteiest The frequent mention by 
various writers of involvement of submucosal vessels, paiticulaily in 
relation to mucosal ulceration, is worthy of note It seems fairly clear 
from the descriptions of the nature of the vascular changes that chronic 
nodulai endarteritis was the lesion usually encountered, and that the 
aneurysmal dilatations of submucosal arteries desciibed by Gallard, 
Sachs and Hirschfeld fit into this category 

MATERIAL 

A senes of thirty surgically resected portions of stomach « received in this 
laboratory from April 1933 to April 1934 was studied Only those specimens 
removed because of malignant disease were excluded The patients from whom 
the specimens were excised ranged from 23 to 63 years of age The average age 
uas 42 years The sex ratio was roughly 2 1, as 21 of the specimens were from 
men and 9 from women The specimens were grouped as shown in table 1 

7 Zeek, P, and Phair, J J Am J M Sc 181 548, 1931 

8 From the Surgical Service of the Toronto General Hospital 
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The ulcer \\as present within the excised specimen m seven of the cases of 
duodenal ulcer In the remainder of this group the ulcer was knownngh' left 
behind at operation (Polya operation) Of the eight ulcers listed as sccondar\, 
se\en had been diagnosed as duodenal ulcer prior to operation or at a pre\ious 
operation Each may or ma^ not ha\e been present or actne at the time of 
secondar} operation Stomal ulcers were identified pathologicalh m the specimens 
from four of these cases 

The specimens w'erc pinned out on cardboard and fixed in solution of formalde- 
hyde U S P (1 10) as soon as possible following remo\al, to eliminate the 



Fig 1 — A diagram showing the plan follow'ed m the choice of blocks for micro- 
scopic exannnatioH 

factor of autodigestion A rough sketch w'as made of each specimen Blocks for 
microscopic study were taken in every case, adhering as closel}' as possible to the 
diagram (fig 1) The site from wdiich each block had been taken w'as outlined 
on the drawmig of the specimen Paraffin sections w'ere made and stained wnth 
hematoxylin and eosin In a few' instances either elastm H or Weigert’s elastic 
tissue stain w'as used in addition 


OBSERVATIONS 

The lesults aie tabulated The tables aie self-explanatoi} and deal 
paiticulaily with the degree of gastutis and the distubution and degree 
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of aiteiioscleiosis lu each speciuien The cases have been divided into 
four gioups accoiding to the indication for resection An aiudysis of 
each gioup is given, followed by an anal} sis in which the cases aie 
divided into two groups according to age Fiiudly, the natuie of the 
eastiitis and endaiteiitis encounteied in the entiie senes is desciibed 
Analysis of Tabic 2 — In each of the seven specimens, maiked intimal 
thickening of aiteries in the vicinity of the ulcei was noted Of moie 
inteiest, howevei, was the constant occunence of aitenoscleiosis at 

Tablc 2 — Gtoiip of Seven Spcctmctts Resected foi Gasttic Ulcei 



•IfcC 

Sev 

Description 
of bpeciinou 

Degree of 
Gastritis or 
Duodenitis 

Di«trll)Ution and 

Degree of 
\rtcrio“c]crosis 

i 

41 


Pilorus ivith portions 
of duodenum and 
fundus, prep\lonc 
gastric ulcer 

Marlvcd 

Marked intimal thickining of 
arteries within floor of ulcer 
marked in several subimitosiil 
arteries some distance from edge 
of nicer 

G 

33 

M 

Pjlorus with portion of 
fundus pyloric ulcer, 
high on lesser cur\ iiUm 

Marked In 
pylorus, 
slight m 
fundus 

5Iarked intimal thickening in yes 
sels in floor of ulcer and in sub 
mucosal arteries of p\ lorus near 
greater curv ature 

22 

43 

AI 

Pylorus with portions of 
fundus and duodenum, 
pyloric ulcer high on 
lesser curvature 

5IarlvCd 

Marked intimal thickening in flooi 
of ulcer and in number of sub 
imitosal arteries in fundus 
arteriosclerosis present as distant 
as 7 cm from edge of ulcer 

24 

30 

51 

Pylorus with portion of 
fundus and duodenum, 
small prepyloric 
gastric ulcer 

5InrlvCd in 
py lorus, 
slight m 
fundus 

Slight to marked intimal thicken 
ing in a number of submucosal 
arteries lesions not more marked 
in or near ulcer 

23 

40 

r 

Pylorus with portions of 
fundus and duodenum 
penetrating pyloric ulcer 
high on lesser curvature, 
hour glass deformity 

5Inrl,cd in 
py lorus, 
moderate 
in fundus 

51arkcd intimal thickening m base 
of ulcer and within 2 cm of edge 
of ulcer in all directions marked 
in a number of small arteries m 
submucosa, muscularis and sub 
serosa in all blocks 

27 

40 

F 

Pylorus with portions of 
fundus and duodenum, 
gastric ulcer high on 
lesser curv ature, 
hour glass deformity 

SlarlvCd 

5Inrked intimal thickening within 
base of ulcer, ns well ns m a num 
her of submucosal arteries m 
duodenum, pylorus and fundus, 
away from ulcer 

29 

40 

51 

Pylorus with portions of 
fundus and duodenum 
prepyloric gastric ulcer 

Slarkcd in 
pylorus, 
«light in 
fundus 

Marked Intimal thickening of yes 
sels in and near ulcer, moderate or 
marked in a few siibscrosal y essels 
of fundus, slight in a few sub 


mucosul \cssels of fvindus 


some distance fiom the edge of the ulcei This was noted paiticularly 
in submucosal arteries, whether of the pylorus oi of the fundus The 
distribution of the arterial lesions was always patchy in that two or 
three submucosal arteries in a certain block revealed marked intimal 
thickening while possibly twenty oi more similar vessels in the same 
block did not present the slightest evidence of pathologic change The 
gastiitis was maiked in the pyloiic region in each instance In four of 
the seven specimens, however, there was only slight oi moderate gastiitis 
111 the fundic aiea The duodenum, in each instance in which it was 
present, showed marked duodenitis The outstanding finding in this 
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senes was, I believe, the occuirence in every case of marked iiitimal 
thickening of a numbei of submucosal arteries not m the vicmiti^ of 
the ulcer 


Table 3 — Gioiip of Thutccu Specimens Resected fo> Duodenal UIcci 


^0 

Age 

Sc\ 

Description 
ol Specimen 

Degree of 
Gastritis or 
Duodenitis 

Distribution and 

Degree of 
Arteriosclerosis 

1 

50 

jM 

Pllorus ■\\ith portions of 
duodenum nnd fundus 
(ulcer not included) 

Jfodtratc 

Slight to moderate intimal thiclvcn 
ing in scjeral submucosal arteries 
of pjlorus, marked In submucosal 
arteries of fundus midaaj between 
greater nnd lessor curjatures 

2 

50 

r 

Pjlorus ^^Itli portions of 
duodenum nnd fundus, 
duodenal ulcer 

Moderate 

Slight Intimal thickening in a few 
submutosal arteries near pjloro 
ftiiidlc junction, none in base of 
ulcer 

3 

59 

M 

Cuff of fundus (ulcer 
not Included) 

Slight 

None 

7 

40 

r 

Pj lorus u ith portion of 
duodenum, duodenal 
ulcer 

Marked 

Marked intimal thickening of 
arteries near and in base of ulcer, 
also in subserosal and submucosal 
\cs=cls high in pjlorus on posterior 
wall near lessor curjature 

9 

32 

ji 

Pjlorus ulth portion of 
fundus (ulcer not 

Included) 

Marked 

Slight intimal thickening in a few 
submucosal arteries, In nearlj nil 
of blocks 

10 

31 

iM 

Pjlorus uith portion of 
duodenum (ulcer not 
included) 

Marked 

Marked intimal thickening in nuin 
her of submucosal arteries of 
duodenum, similar change in onlj" 
a few arteries of pjlorus 

11 

20 

r 

Pj’lorus with portions of 
duodenum and fundus 
(ulcer not included) 

Moderate 

Slight to moderate intimal tliiek 
enlng In a few submucosal arteries 
in all areas 

13 

33 


Pjlorus with portion of 
duodenum, duodenal ulcer 

Jfarked 

JIarked intimal thickening in 
arteries at base of ulcer slight 
in a few submucosal arteries 
m other sections 

10 

58 

r 

Pjlorus with portion of 
duodenum, superficial 
duodenal ulcer 

Moderate 

Marked intimal thickening of sui) 
mucosal arteries m duodenum at 
ulcer, nnd at pjloric ring, mod 
crate intimal thickening of sub 
mucosal jcssels high in pjlorus 

CO 

30 

r 

Pj'lorus nitli portions of 
duodenum and fundus 
duodenal ulcer 

Marked in 
pjloruc, 
slight in 
fundus 

Moderate or marked intimal 
thickening of submucosal vessels 
in duodenum nnd distal portion 
of pjlorus 

21 

40 

M 

Pjlorus with portion of 
fundus (ulcer not 
included) 

Marked 

Marked intimal thickening in mam 
submucosal branches In pj’lorus, 
also m occasional branches m mus 
cularis nnd subserosa, moderate 
intimal thickening m submucosal 
arteries of fundus 

20 

35 

M 

Pjlorus ^Mth portions of 
fundus and duodenum, 
duodenal ulcer 

Marked 

Marked intimal thickening of ^es 
sels in Mcinitj of ulcer, also in 
submucosal icssels of pjlorus and 
lower portion of fundus 

34 

38 

M 

Pj’lorus with portions of 
duodenum and fundus, 
duodenal ulcer 

Moderate 
in p\ lorus, 
slight in 
fundus 

Marked intimal thickening of a 
few tmj vessels in jicinitj of ulcer, 
slight m a few submucosal arteries 
of pjlorus, none m fundus 


Analysis of Table 3 — The ulcei was piesent m seven of the speci- 
mens In six of these theie was marked intimal thickening of ceitain 
arteries in the Aocmity of the ulcei No aiteiioscleiosis was noted 
however in the base of the ulcei in the remaining one although there 
was slight intimal thickening of a few submucosal aiteries high in the 
P 3 dorus In these seven cases stud)'' of arteiies in sections away from 
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the vicinity of the ulcer revealed slight intimal thickening in three, 
moderate in two and marked in two In six instances this involvement 
was of submucosal vessels alone The other specimen presented maiked 
intimal thickening m both submucosal and subserosal vessels away from 
the ulcer 

Of the SIX specimens received in which no ulcer was piesent, five 
showed varying degrees of endarteiitis and one presented none Judg- 
ing from the propinquity of the \ascular lesions to the distal edge of 
the specimen, I believe that in two of the cases the intimal thickening 
was most marked near the ulcer In three specimens, however, this 
did not appear to be the case Two of these showed slight oi model ate 
intimal thickening of submucosal arteiies m all aieas In the thud theie 
was marked intimal thickening of several submucosal arteries of the 
fundus, midway between the greater and the lesser cuivature, in addition 
to marked intimal thickening of arteries in the pylorus 

Of the entire thiiteen specimens, gastritis or duodenitis was slight 
in one, moderate in five and marked in seven In two instances, the 
gastritis was less marked in the fundic region In those specimens 
which included a portion of duodenum, the degiee of duodenitis corie- 
sponded fairly well with that of the gastritis As to the relationship 
between the gastritis and the endarteritis, little can be said at this point 
save that in the specimen which showed only slight gastritis, no aiterial 
lesions were found In summing up, it seems woithy of note that in 
this group involvement of submucosal vessels particularly was observed 
frequently at some distance from the vicinity of the ulcei The absence 
of aitenal change in the base of the ulcer m one case is also of interest 
Analysis of Table 4 — Of the eight specimens in this group, four 
presented stomal ulcers In two of the latter, intimal thickening of 
submucosal vessels was more marked in the region of the ulcer In the 
other two, arteriosclerosis was no more severe m the vicinity of the 
ulcer than at a distance Of the four specimens in which no stomal 
ulcer was found, one presented no endarteritis Of the remaining thiee, 
two presented marked intimal thickening of submucosal aiteiies in all 
areas The third, in which but a small section of gastiic wall was 
included, presented marked intimal thickening of a few submucosal 
vessels within its limits 

Gastritis, duodenitis oi jejunitis was marked m five cases and mod- 
erate m three I think it worthy of emphasis that in this group, as well 
as m the two preceding groups, there was evidence of chionic endar- 
teritis distant from any ulcerative piocess 

Analysis of Table 5 — Although the gastritis was marked m both of 
these specimens the endarteiitis was of slight degiee The submucosal 
arteries weie involved 
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Analysis Accoidwg to Acje — Sixteen of the patients fell into a group 
langing fiom 20 to 40 yeais of age The lemaindti (fourteen) com- 
piisecl a gioup fiom 41 to 63 jears of age The relative incidence of 

Tablf 4 — Gioup of EujhI Spccniictts Rcstctcd Sccoudanlv 


Ao \gc Se\ 


Dc«orlption 
ol Specimen 


Degree o£ Gastritl®, 
Duoilenitle or 
lejunltls 


Distribution nml 
Degree of 
Arteriosclerosis 


3 

C3 

M 

Pjlorus ■nltli portions of 
duodenum, fundus and 
jejunum, gastro 
enterostomj stoma 

Marked 

■Marked intimal thickening of mus 
(ular arteries along greater curja 
turc, near pjlorofundlc junction, 
moderate or marked in scattered 
jessels elsejjhcre, sclerosis is not 
more marked In region of stomn 

b 

21 

1 

Pjlorus nitli portions of 
duodenum and fundus, 
gastro enterostomj 
stoma Mitli super 
flclal erosion 

Mark! d 

■Moderate intimal tliickcning in one 
siibserous jessel of pjlorus on 
greater cure aturc, slight Intimal 
tliickcning of scjcrnl submucosal 
branches of pjlorus 

12 

44 

M 

Pjlorus jjith portions of 
fundus and jejunum 
gastro enterostomj stoma 

Marked 

Marked intimal thickening in a 
mimlicr of submueosal arteries 

In all portions of speeinun 

14 

23 

1 

CulT of fundus 

Moderate 

None 

13 

34 

M 

Small ring of gastric 
jjall (fundusj, jjitb 
attaclied lengtli of jejunum 

Moderate 

Marked intimal thlekcniiig of 
sojernl submucosal arteries In 
stomaeh (fundus) 

IS 

30 

M 

pjlorus JJitli portion of 

Marked 

Marked intimal tliickcning of 


fundus, gnstro enter 
ostomj stomn, stoinnl 
ulcer 

23 SS M Pjlorus uith portions of 
duodenum, fundus 
and jejunum, gastro 
enterostomj stoma, 
stomal ulcer 


28 30 I’ Pelorus uitli portions of 

fundus and jejunum, 
g astro enterostomj 
stoma aith superficial 
erosion 


arteries In elcinitj of ulcer, none 
In remainder of fundus slight in 
se\ eral submucosal j esscls of 
pjloni' 

■Moderate Slight to moderate intimal thick 

ening of ciibmucosal muscular and 
snbscrosal arteries throughout 
pelorus and fundus, arterioscle 
rosls is not more marked in 
jlcinltj of ulcer 

Marked Marked intimal thickening of sub 
mucosal arteries in jejunum and 
fundus near stoma, slight to mod 
crate in submucosa of pjlorus, 
moderate to marked in fundus 
along lesser cur\ aturc 


Table 5 — Gioup of Two Spccuucus Resected foi Gash itts 


No 

■Age 

Sex 

Description 
of Specimen 

Degree of 
Gastritis or 
Duodenitis 

Distribution 
and Degree of 

Arteriosclerosis 

17 

40 

M 

Pjlorus and portion 
of fundus 

Marked 

Sliglit intimal thickening in a number of 
submucosal arteries in both fundus and 
pjlorus 

19 

58 

M 

Pjlorus and portion 
of duodenum 

Marked 

Slight intimal thickening in a fcjj sub 
mucosal arteries near pj'loric ring 


gastric arteriosclerosis was iiiteiesting Only the arteiiosclerosis noted 
outside of the vicinit}' of the ulcer was considered in this analysis Of the 
first group (from 20 to 40 years), six presented marked arteriosclerosis, 
three moderate, six slight and one none Of the second group, eight 
presented marked arteriosclerosis, three moderate, two slight and one 


none 
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Nafine of the Gashiin — As indicated in the tables, neaily eveiy 
stomach piesented a well maiked chionic inflaniniatoiy change N\ithin 
Its wall This “chionic folliculai gastiitis" or "chionic gastiitis” was 
identical with that desciibed by Johnston" in these laboratoiies in an 
eailiei senes of cases associated with peptic ulcer The histologic fea- 
tuies of the gastritis in this senes can be outlined briefly Ihe mucous 
membiane nas edematous and heavily infiltrated by polymoi phonuclear 
leukocytes, eosinophils, lymphocytes and plasma cells Similai cells 
were often scatteied sparsely thioughout the submucous and muscular 
coats The pyloius presented in many instances a more seveie degree 






Fig: 2 — A nearly obliterated artery in the floor of a gastric ulcer, elastin H 
stain Note the reduplication of the internal elastic lamina, the endothelial pro- 
liferation and the inflammatory reaction in the adventitial and perivascular tissue, 
X 80 


of inflammatoiy change than the fundus Hypeitrophied lymph fol- 
licles were plentiful within the pyloric mucosa of many specimens 

Naliue of the Ai total Changes — The sclerotic changes within the 
affected arteries were essentially proliferative and involved the intima 
(chronic nodular endarteritis) Splitting or reduplication of the internal 
elastic lamina was found in many instances (fig 2) The submucosal 
arteries, which were most frequently involved, showed varying degrees 
of thickening and sometimes marked narrowing of the lumen, even when 
located far from the vicinity of the ulcer (fig 3) Although a degen- 


9 Johnston, C R K Surg, Gjmec & Obst 58 614, 1934 
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eiative intinial change had occuned in a few of the invohed vessels, it 
appealed to repiesent a secondary phase Medial thickening was not 
common and when present was slight No degeneiative medial change 
could be detected Periarterial or adventitial inflammation was demon- 
strable wnthm a small numbei of the affected aiteries This mflamma- 
toiy reaction w'as cellulai and nonpiohfeiatne The intimal or medial 
coats w^eie in no instance imadcd by inflammatoi) cells 

COMMUNl 

A general discussion of the etiolog\ of aitenosclerosis is not within 
the scope of this communication Vasomotor or angioneurotic dis- 




/‘Vv/ ”5- 

' V* *• 






Fig 3 — A, submucosal arteries at the fundus some distance from the ulcer 
in the same case as figure 2, X 160 B, a submucosal pjlonc arterj some distance 
from an ulcer, showing slight infiltration bj"^ inflammator\ cells m the adientitial 
tissue, X 160 


turbances have been suggested as the cause of aitenosclerosis in general 
and of gastiic aitenoscleiosis in paiticulai (HelcM®) I believe, how- 
ever, that there is more evidence expeiimental and othenvise that the 
artenoscleiosis encounteied m the piesent study is of infectne origin 
The moiiDliologic nature of the aiteiial changes is entirely compatible 
wnth this view Klotz show^ed ex}3ei imentally that stiejXococcic or 
typhoid infections pioduced mtimal piolifeiation, wnth splitting of the 
internal elastic lamina in the ascending aoita and pulmonaiy aiteiy of 


10 Held, I W M J & Rec 122 6, 1925 
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the rabbit Attention has been called to the endarteritis frequently 
present in arteries situated within infective foci by both Klotz “ and 
Andiewes The lattei pointed out that an aiterj may become involved 
either by deposition of bacteria or similai mateiial diiectly on the intimal 
coat or by invasion through the vasa vasoium of the adventitia or media 
It IS not inconceivable that in the series of stomachs undei considei ation 
the endarteritis is closely related to the gastritis shown to have been 
present in all The frequent invoh'ement of the submucosal vessels 
favors this view in that the gastritis is always most maiked within the 
mucosa and submucosa The occasional appearance of an active cel- 
lular inflammatory reaction about one of the affected vessels lends 
further stiength to the belief 

The tremendous quantity of hteiature concerning the etiology and 
pathogenesis of peptic ulcei has been ably summarized by Hurst and 
Stewart Only a few of the present-day theoi les can be mentioned 
in this discussion Many observeis, including Viichow, Ophuls and 
Hauser, have held that gastric or duodenal ulcei s aiise as a result of 
local vascular disturbances According to this view, the ulcer is pri- 
marily infarctive Opponents of this theory appaiently do not admit 
the existence of primary gastric arteriosclei osis At piesent much 
importance is attached to the expeiimental woik of Mann and William- 
son,^'* who were able to produce peptic ulcers in dogs by the institution 
of surgical duodenal drainage Those who prefer the biochemical theon 
of ulcer causation are afforded a measure of experimental proof by 
this work Lately, the view has been advanced that peptic ulcei is 
but a phase in the course of gastritis oi duodenitis (Konjetzny,*® 
Faber The almost constant presence of gastritis m cases of peptic 
ulcer cannot be denied 

The health of any member oi physiologic unit of the human body' 
IS dependent on the integrity of its circulation Functional distui bailees 
or organic lesions may occur if the local blood supply becomes, for any^ 
reason, inadequate The infliction of slight injuries on poorty vascular- 
ized portions of the human integument is frequently'^ followed by the 
development of chronic persisting ulcers Examples aie varicose ulcers 

11 (a) Klotz, O Bnt M J 2 1767, 1906, (6) Boston M &. S J 156 267, 
1907 

12 Andrewes, F W Report on Arterial Degeneration, Rep M Off Local 
Gov Bd , London, 1913, Appendix B, no 1 , Second Report on Arterial Degenera- 
tion, Rep M Off Local Gov Bd, London, 1913-1914, Appendix B, no 1, p 151 

13 Hurst, A F , and Stewart, M J Gastric and Duodenal Ulcer, New York, 
Oxford University Press, 1929 

14 Mann, F C, and Williamson, C S Ann Surg 77 409, 1923 Mann 
F C S Clin North America 5 753, 1925 

15 Konjetzny, quoted bv Faber ic 

16 Faber, K Lancet 2 901, 1927 
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and ulceis of pooily nounshed skin giafts The exciting factor of 
insult 01 tiauma cannot, of couise, be discounted An analog} raa} 
exist in the instance of chronic gastric or duodenal ulcci in which highly 
acid gastiic juice selves as the exciting factoi and local loweiing of 
lesistance secondar} to arteriosclei osis, as the underlying predisposing 
anatomic factoi Thus, I behe\c the pait plaxed b} aitenosclerosis in 
the pathogenesis of gastiic oi duodenal ulcei to be contributory or 
secondary Even though it is granted that irntatne effects of acid 
gastiic juiee are most important, the loc.ili/ation of an ulcei to a certain 
aiea of the mucous membiane cannot be satisfactorily explained except 
b\ the existence of a nai lowing of the lumens of certain submucosal 
^essels As shown In Rec\cs the submucosal aitenes of the stomach 
and duodenum become end-aitciies as the} enter the mucosa Each of 
these terminal ^essels supjihes an aiea of mucosa measuiing appioxi- 
mateh 2 5 mm m diameter RecAes found that noimalh the submucosal 
aitenes along the lessei cunatuie of the stomach and fiist inch of the 
duodenum arc moie toituous, naiionei and less numerous than else- 
wheie Neaily all ulceis aiise in one oi the other of these locations 
\ttempts to pioduce ulcei exiicrimentalh In causing embolism or throm- 
bosis of gastric aitenes have been successful onh nhen the injected 
substance became lodged m a submucosal aitci} (Schiidde’®) The 
frequent occurrence of mucosal erosions and superficial ulcers m asso- 
ciation with gastiitis IS nell known It seems likely that a mucosal 
eiosion occuinng in an aiea w'heie local lesistance has been low^ered by 
vascular disease is moie liable to peisist and become chronic than one 
m an area the cii dilation of which is undistuibed 

COXXLUSIONS 

A local arteriosclerosis is commonly present within stomachs resected 
suigically for gastiic, duodenal or stomal ulcer 

The arteriosclerosis is patchy m distiibution and affects chlefl^ the 
submucosal vessels It is not necessarily confined to the base or floor 
of the ulcer, but may be piesent at some distance from the ulcer 

There is apparently little relation betw'een this local arteriosclerosis 
and age 

The artei losclerosis found is essentially a prohferatne intimal lesion 
(chronic nodular endarteritis) 

This endarteritis may occur as a part of the gastiitis showm to be 
uniforml} present 

It IS suggested that gastiic arteriosclerosis may. as an underlying 
anatomic factor, play an important part in the localization and per- 
sistence of gastric or duodenal ulcer 


17 Reeves, T B Surg, Gynec & Obst 30 374, 1920 

18 Schndde, quoted by Stewart, M J Bnt M J 2 955, 1923 
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Lesions produced by staphylococcus toxin have been observed in 
laboiatoiy animals since de Christmas^ fiist injected toxin into the 
anteiiov chamber of the labbit’s eye in 188S Van de Velde,- von 
Lingelsheim,“ Mosny and Maicono * and Moise“ weie pioneeis in this 
field of investigation In the eaily pait of the twentieth century Neissei 
and Lei^aditi,® Neissei and Wechsberg ‘ and Neisser and Lipstein ® 
made many contributions to the subject Recently Nicolle and Cesaii,® 
Russ,^° Paikei,’^’^ Buinet,’^- Kellaway and his associates,^® Gross,^^ 
Bulky Foissman,*® DolmaiO" Boithwick,®® Rigdon and his asso- 

From the Department of Pathology', Duke University School of Medicine 
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ciates and Von Glahn and Weld-” have contiibuted to the study of 
staphylococcus toxin 

Many nivestigatoi s considei the lesions in the tissues as due to 
specific fi actions in the staphylococcus toxin Since no one has made 
a study of all the lesions in any one animal aftei the intravenous admin- 
istiation of the toxin it is the puipose of this paper (1) to describe 
the early lesions occurring in the dog and rabbit and to shcrw that fre- 
quentl) all the lesions occui in the same animal and (2) to discuss the 
pathogenesis of the lesions 

METHODS AND MATERIALS 

Five adult dogs and fortj -three adult rabbits were used in this study The 
toxin was prepared from a hcmol>tic stiain of Staphylococcus aureus Iw the method 
described In Parker, Flopkins and Gunther with few' modifications The 
dogs w'ere gnen a single mtra\cnous injection of the toxin, and the rabbits were 
guen one or more intraienous injections at interials of from thirh minutes to 
twenU-four hours A complete autopse was made usualK immediateU after death, 
and the tissues w’ere fixed in Zenker’s fluid to which a solution of formaldehjde 
had been added and in a solution of formaldehyde 

LESIONS IN THE DOG 

Blood was present in the abdominal caiiti of each of the fi\e dogs The 
quantity of blood laried from a few cubic centimeters to 500 cc No rupture of 
a blood vessel could be demonstrated There was no fluid or blood m the pleural, 
pericardial or cranial caMty The Mscera were alwa^s m their normal position 

Hemorrhagic areas W'cre present in the diaphragm of four of the five dogs 
They occurred in the muscle and beneath the parietal layer of peritoneum and 
pleura The largest amount of blood w'as alway s found beneath the pleural surface 

In some of the dogs there was a questionable dilatation of the heart How'e\er, 
this dilatation w'as not constant m this group of animals A varying number of 
petechiae w'cre found in the epicardium, myocardium or endocardium, frequently 
petechiae w’ere found in all three locations 

Hemorrhagic areas W'ere present in the pleura and in the parenchymatous tissue 
of the lungs In one dog the capillaries w'cre dilated throughout the interstitial 
tissue The hemorrhagic areas w'ere located in the alveoli and interstitial tissue and 
about the blood vessels There w'Cre collections of red blood cells in some of the 
bronchi 

The spleen was usually' purplish brow'n and moderately' sw'ollen The sinusoids 
were greatly dilated and filled with red blood cells 

The liver w'as frequently the same color as the spleen, and when it was sec- 
tioned a large amount of blood escaped In a detailed study of the hepatic lobule 
the cells were found to be swollen, and often they' contained small vacuoles The 
sinusoids W'ere dilated and filled w'lth blood A few necrotic foci were present , 
these were surrounded by' red blood cells, polymorphonuclear leukocytes, mono- 
nuclear wandering cells or fragmented hepatic cells The most conspicuous lesion 

19 Rigdon, R H , Joyner, A L , and Ricketts, E T Am J Path 10 425, 
1934 

20 Von Glahn, William C, and Weld, Julia T J Exper Med 61 1, 1935 

21 Parker, Julia T , Hopkins, J G, and Gunther, A Proc Soc Exper Biol 
& A'led 23 344, 1925 
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in the h%er was an accumulation of red blood cells about the hepatic arteries and 
veins In some instances it was difficult to demonstrate the entire wall of the 
blood vessels, as the cells m the lumen were continuous with those about the 
penpher}' 

In some of the dogs the wall of the gallbladder was edematous and hemor- 
rhagic The accumulation of red blood cells and the edema were most pronounced 
m the fibro-elastic tissue in the periphery of the wall The mucosa of the gall- 
bladder and ducts was grossly normal There were no stones or olistruction in 
the biliary passages 

Blood was always present m some portion of the gastro-mtestinal tract The 
largest quantity was usually found in the ileum Small hemorrhagic areas w-ere 
present m the mucosa (fig 1) In addition, the epithelial cells lining the glands 



Fig 1 — Photograph of hemorrhagic areas m the mucosa of the small and large 
intestines of a dog that received 10 cc of staphylococcus toxin intravenously and 
died one and a half hours later The hemorrhage is usually restricted to the folds 
of the mucosa m the colon 


and crypts throughout the gastro-intestinal tract showed all stages of degeneration 
from simple cloudy swelling to complete degeneration (fig 2) 

The kidne 3 's were normal m size, and the cortical surfaces were smooth In 
the animals that died a short time after receiving the toxin the capillaries in the 
glomerular tufts were dilated and filled with red blood cells In the dogs that 
lived for a longer time the endothelial cells and the epithelial cells in the glomeruli 
and tubules were swollen and granular, and the renal epithelial cells sometimes 
contained hyaline droplets Albumin was present in the capsular spaces and in 
the lumens of the renal tubules in some of the dogs Essentially every capsular 
space and the lumen of every tubule ivas filled with albumin m one dog that lived 
for SIX hours after recening the toxin In this animal the glomerular tufts 
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appeared to be compressed by the albumin in the capsular spaces The capillaries 
in the interstitial tissue were dilated and filled with red blood cells, although similar 
cells were rarely found in the tubules In all the dogs the lesions in the kidnejs 
W'cre diffuse and bilateral There were no lesions of interest in the genito-urinan 
tract except those in the kidney 

There w'ere no lesions in the pancreas or in the salnari glands in the one dog 
in w’lnch these glands were examined 



Fig 2 — Photomicrograph of the basal portion of the mucosa of the ileum of 
a dog that received 10 cc of staplij lococcus toxin and died six and three-quarters 
hours later Note the extensive degeneration of the epithelial cells lining the 
glands and the accumulation of these cells ni the lumens Similar changes were 
present throughout the mucosa of the gastro-intestinal tract 


The mesenteric and retroperitoneal h mph nodes were swollen and reddish gray , 
the sinuses were dilated and filled with red blood cells and phagocvtic cells in the 
dogs ill which a large quantity of blood w’as found in the abdominal caMt\ 

The only lesions found in the brain were small hemorrhagic areas w'hicli w’ere 
most frequently located about blood vessels 
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lesions in the rabbit 

There were no lesions of interest m the serous cavities 

Petechiae were present in the myocardium, endocardium or epicardium, often in 
all three locations Few areas of Zenker degeneration were present m the cardiac 
muscle 

Small hemorrhagic areas were located in the pleura and in the parenchymatous 
tissue of the lungs The capillaries in the interstitial tissue were dilated and filled 
with red blood cells , similar cells were found m groups of the alveoli and in some 
of the bronchi 

In some of the rabbits the spleen was purplish brown and moderately swollen 
The sinuses were filled with red blood cells, polymorphonuclear leukocytes and 
phagocytic mononuclear cells Hemosiderin was free in the sinuses and in phago- 
cytic cells 

The liver was purplish brown , when it was sectioned a large amount of blood 
escaped In some rabbits small hemorrhagic areas were found m the liver, these 
had no definite relation to the hepatic lobules or to the blood \essels The hepatic 



Fig 3 — Diffuse necrotic and hemorrhagic foci in the cortex of the kidney of 
a rabbit that received 0 5 cc of staphylococcus toxin intravenously and twenty-two 
hours later received an additional dose of 0 75 cc of toxin The animal died twenty- 
three and a half hours after receiving the second injection 


cells were compressed about the areas of hemorrhage A few foci of necrosis 
were found which were not associated with any evidence of hemorrhage In some 
instances polymorphonuclear leukocytes surrounded the necrotic areas 

In one rabbit there was a localized area of hemorrhage and necrosis from 1 to 
2 cm in diameter in the mucosa of the cardiac portion of the stomach The onlj 
lesions in the small intestine were a few petechiae in Peyer’s patches The most 
interesting lesion m the gastro-intestinal tract was found in the first 40 cm of 
the colon The wall was often hemorrhagic and edematous, and the mucosa was 
hemorrhagic or covered with a diphtheritic membrane In the rabbits in which 
the hemorrhagic areas were less diffuse the epithelial cells lining the glands showed 
varying degrees of degeneration Many of the epithelial cells were completely 
destroy ed, and the fragments filled the lumens of the glands A few polymorpho- 
nuclear leukocytes and mononuclear wandering cells were present in the mucosa 
of the colon Circumscribed pink areas, which suggested agglutinated red blood 
cells or thrombi, filled a few of the capillaries in the mucosa 
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The quantitj' of marrow m the femur varied m the different rabbits In some 
rabbits the marrow appeared to be hyperplastic No lesions were found m either 
the myeloblastic or the erythroblastic tissue 

There were no lesions in the pancreas or adrenal glands 

The lesions most constantly observed in this senes of rabbits were in the kidney 
The renal lesions were characterized by cortical necroses and evidence of hemor- 
rhages (fig 3) The necrosis was either focal or diffuse and was always limited 
to the cortev The kidneys were swollen and hyperemic in the rabbits that died 
from two to ten hours after receiving the staphylococcus toxin The capillaries 
in the glomerular tufts were dilated and filled with red blood cells, and the tufts 
almost completely filled the glomerular space Albumin was sometimes present 
m the capsular space and m the tubules In many rabbits the tubular epithelial 
cells were often swollen and contained hyaline droplets, this was observed espe- 
cially m the animals that lived for twelve hours or longer after receiving the 
toxin Only a few red blood cells were present in the capsular spaces and m the 
collecting tubules of the kidney There was a laver of polymorphonuclear leuko- 
cytes and phagocytic cells at the margin of the necrotic zone 

COMMENT 

The existence of siicli fractions as nephrotoxin, leiikocidin, hemolysin 
and skin-necrotizing and acute killing fractions in staphylococcus toxin 
is not discussed here -- 

The potency of staphylococcus toxin is influenced the organism, 
mediums and method of prepaiation The dog and rabbit, two of the 
species of animals frequently used in expeiimental work, have been 
used m studying the action of stai^hylococcus toxin Death occurs in 
both when a sufficient quantity of a potent toxin is given The lesions 
are influenced by the quantity of toxin, the methods of administration 
and the length of time elapsing before death The lesions may con- 
veniently be divided into two groups, namely, hemorrhagic and necrotic , 
m this study the former were more frequently encounteied m the dog 
and the latter, m the labbit 

Swollen and necrotic endothelial cells are found in the capillaries of 
the labbits which survive for twenty-four hours or longei Collections 
of red blood cells are present about the periphery of many of the blood 
vessels , this accounts for the small hemorrhagic aieas seen m the viscera 
of the dogs and rabbits and also foi the blood observed in the abdominal 
cavity of the dogs 

The hemonhagic and necrotic areas suggest that the toxin either 
injures the endothelium of the capillaries, causing thrombosis and 
infarction, or injures the epithelial cells by acting directly on those cells 
Although there are thrombi m some of the capillaiies in the mucosa 
of the intestinal tiact, there is apparently no diiect anatomic relation 

22 Weld, Juba T , Parker, and Gunther, Anne J Exper Med 54 315, 1931 
Burnet 

23 Burnet. F M J Path & Bact 33 1, 1930 Parker 



RIGDON-LESIONS FROM STAPHYLOCOCCbS TOXIN 207 


between the thrombi and the aieas of neciosis Fmtheimoie, the num- 
ber of thrombi is too small to produce the extensive neciosis found in 
some of the animals The thiombi resemble agglutinated led blood 
cells moie than the thiombi formed by leukocytes and fibiin The 
presence of aieas of hemorihage and neciosis in the mucosa of the 
stomach and of the small and laige intestine suggests that the toxin is 
excreted into any part of the gastro-intestinal tiact and that the lesions 
are produced at the point of excietion rather than at the point of 
accumulation of the toxin One of the first changes m the intestinal 
tract is swelling and degeneration of the epithelial cells lining the glands 
in the deeper portion of the mucosa If the necrosis of the mucosa is 
the result of the action of the toxin accumulated m the colon, the 
superficial portion of the mucosa should show the first and most 
extensive necrosis 

The intestinal mucosa is one of the routes of excretion of toxic 
materials For instance, aluminum when given intravenously is excieted 
by the mucosa of the stomach and of the small and large intestines 
Likewise, mercurochrome is quickly excreted into the gastro-intestmal 
tract of the dog after intravenous administration, as shown by the 
emesis of intensely red material,-® also, necrosis in the colon of rats 
following the intravenous injection of mercurochrome has been described 
by Baldwin 

The intestinal lesions m the dogs and rabbits aftei intiavenous 
injection of staphylococcus toxin are similar to those found m guinea- 
pigs after inhalation of mercurial preparations In a study of the 
tissues of guinea-pigs which had been given inhalations of mercurial 
preparations Gutman found evidence of necrosis m the epithelial 
cells of the vilh and of ulceration and shredding of the mucosa in 
the gastro-intestmal tract The blood vessels were congested and 
distended with agglutinated red blood cells, and extravasations of blood 
were frequently observed The changes m the large intestine resembled 
those in the small, however, the ulcerative process was greater m the 
latter 

While the lesions in the kidney at the time of death differ m the 
dog and m the rabbit, similar changes are present at times in both 
species of animals The absence of cortical necrosis m the dog’s kidney 
can be explained on the basis that death intervenes before sufficient 
time elapses for the necrosis to occur Neissei and Wechsberg ^ con- 

192? ^ ^ F I, and Steel, S L Am J Physiol 90 52, 

640^^1929^"^""’ ^ ^ ^ ^ C Am J Physiol 89 

26 Baldwin, W M Proc Soc Exper Biol & Med 25 679 1927 

27 Gutman, J Am J Syph 7 1, 1923 
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sidered the cortical neciosis to be the lesult of thiombi which were 
formed by the disintegration of leukocytes Rigdon and his associates 
were unable to demonstiate a sufficient number of thrombi to consider 
the neciosis secondaiy to obstruction and expressed the opinion that 
the lesions m the kidney were the lesult of the action of the toxin 
on the 1 enal epithelial cells and on the endothelial cells of the capillaries 
This explanation appaiently is the moie plausible one 

It IS not sm prising that debris, phagocytes and hemosiderin are 
found m the spleen, for Neisser and Wechsberg" ha\e shown that 
red blood cells are hemolyzed by staphylococcus toxin, and Van de 
Velde " has shown that leukocytes are destroyed by it The presence 
of a large amount of hemosiderin in the spleen of labbits dying five 
minutes aftei receiving a lethal dose of the toxin suggests that some 
hemosiderin is piesent in the spleen of normal rabbits 

In consideiing the pathogenesis of the lesions in the dog and rabbit 
two types of lesions must be thought of, namely hemoirhagic and 
necrotic The distribution of the former appears to indicate an involve- 
ment of the ciiculatoiy appaiatus, while the latter aie usually found 
in the tissues which have an excietory function Although there is 
some evidence in favoi of the idea that the necrosis is the lesultof vascu- 
lai obstiuction, that evidence is not at all conclusive The two types 
of lesions may be adequately explained on the basis of diiect injury to 
any cell ^\lth which the toxin comes in contact The endothelial cells 
of the capillaiies aie injured, and as a lesult the permeability of the 
wall IS inci eased, peimittmg the escape of red blood cells 

SUMMARY 

Hemoiihage and neciosis are tbe characteiistic lesions found in the 
dog and labbit aftei the intiavenous administration of staphjdococcus 
toxin The type of lesion is influenced by the quantity of toxin and 
the length of time elapsing between the time of injection and the time 
of death The areas of necrosis are most fiequently found in the 
kidneys and m the colon of the labbit while the hemoiihagic areas 
usually occui in the gastro-mtestinal tract and peiitoneal cavity of the 
dog It appeals that the hemorrhages aie the result of the action 
of the toxin directly on the endothelium of the capillaries and small 
blood vessels, peimitting the escape of red blood cells, and that the 
necrosis is the result of the action of the toxin duectly on the cells 
of the body 
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The presence of histamine in various mammalian tissues has led to 
intensive investigations to determine its physiologic significance Some 
of these ^ indicate that one of its functions has to do with initiating the 
vascular phases of inflammation following injury to tissue Peitinent 
to this IS the question what relationship, if any, histamine may have 
to the leukocytic phenomena associated with inflammation Expeii- 
ments have failed to demonstiate that histamine phosphate has any 
chemotactic effect on leukocytes The evidence concerning the influence 
of histamine on the leukocjdes in the blood is inconclusive Some have 
noted leukopenia, and some leukocytosis, following injections of his- 
tamine Several of the reports are based on incidental obseivations in 
which the evidence is fragmentary There is closer agreement between 
the reports in which the effect of histamine on leukocytosis was the chief 
object of the experiment 

Port and Brunow - made an incidental observation on leukocytosis 
following injections of histamine into a dog The dog weighed 4 4 Kg 
and received three injections of 2 2 mg, 3 3 mg and 1 1 mg, lespec- 
tively, at intervals of several days Leukocytosis followed each injec- 
tion and was most marked following the last injection The authois 
believed that the previous injections had made the animal moie sensitive 
to the effects of histamine 

Dale and Laidlaw ® reported marked leukopenia accompanying shock 
due to histamine in cats The observations were made incidental to 
studies on the nature and mechanism of shock and on the accompanying 
changes in blood volume and blood concentration The leukocytic phe- 
nomena were not primary objects of the experiments, and no data show- 
ing the number or the intervals of time at which the counts were made 

From the Department of Pathology, Jefferson Aledical College Aided by 
the Martin Research Fund 
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^^e^e recorded Cats, undei ether anesthesia, leceived histamine in 
amounts sufficient to produce death or profound shock promptly The 
lecorded mtei-vals between the injections of histamine and death ranged 
fiom fourteen to thiity-foui minutes Tlie observations must have been 
made during tins period and nere obviously intended by the authors to 
apply only to animals in profound shock immediately following large 
doses of histamine The assumption that leukopenia would result at 
longer intervals following smaller doses of histamine is not warranted 
by these observations 

Flatow and Huttel ’ obscived the effects of subcutaneous injection 
of histamine m cats, guinea-pigs, rabbits and dogs Except in rabbits, 
this was followed by inaiked leukocytosis in each case The blood pic- 
ture following subcutaneous doses sufficient to produce shock resembled 
that of seA ere acute infection On subsequent days there was an increase 
in immature forms — "a shift to the left” — followed by an increased 
number of monocytes and finally by eosinophilia A transient leukopenia 
follow'ed shock doses of histamine in rabbits Paul found no significant 
changes in the leukocytic count m rabbits following injections of 
histamine 

Most of the obseivations made on human subjects w’eie incidental 
to the use of histamine for therapeutic purposes, and in most instances 
the data aie fragmental y Bein and Weinberg ^ and MorretO reported 
leukopenia following histamine Motta ® injected 1 mg of histamine 
into the gluteal muscles of fii^e pregnant w'omen Leukocytic counts 
W'^ere made five, fifteen and thnt)^ minutes following each injection The 
lesults varied Some counts were shglitlj’’ highei and some slightly 
lower than normal, and some show^ed no significant variation No sub- 
sequent counts were recoided Andreoli and Lucchi ' lecoided a mod- 
erate leukocytosis m a small gioup of cases following the therapeutic 
use of histamine Weiss, Robb and Ellis ® found leukocytosis, the 
degiee of wdiich w^as not stated, following slow' intravenous instillation 
of histamine for therapeutic purposes in five cases 

We have failed to find other obseivations on a lelationship betw'een 
histamine and leukocytosis eithei in animals or in man Since the avail- 
able evidence is inconclusive, expeiiments w'eie undertaken to secure 
additional data The leukocytes m the blood of adult cats weie counted 
before and at mteivals following the intravenous injection of small 

4 Quoted by Feldberg, W, and Schdf, E Histamin, seme Pharmakologie 
und Bedeutung fur die Humoralphysiologie, Berlin, Julius Springer, 1930 
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amounts of a sterile solution of histamine phosphate No anesthesia 
was used, hence the results may be regarded as uncomplicated by the 
action of drugs incidental to experimentation The doses of histamine 
and the leukocytic counts are presented in taiile 1 

Differential counts showed that the increase consisted of polymor- 
phonuclear neutrophils In each instance the blood picture returned 
to normal within twenty-four hours In three instances (1, 2 and 4) 
a decrease in the number of leukocytes was seen within one hour If 
subsequent counts had not been made, these results would have indicated 
that leukopenia follows injections of histamine But in each instance 
the leukopenia was transient and was followed by definite leukocytosis 

Table 1 — Leukocytic Contits Folloitnng Jnhavcnoiis Injections of Histamine 

Info Cats 




Hist 


Counts After Given Intervals 


E'siperi 

ment 

Count 

Bclore 

amine. 

Mg 







' 1/2 Hour 

1 Hour 

2 Hours 

3 Hours 

4 Hours 

V 

5 Hours 

1 

12,600 

20 

11,800 

9,400 

16,100 

23,700 


19,230 

2 

12,750 

10 

8,800 


25,000 

22,400 

20,330 


3 

13,830 

20 


20,400 

52,050 

38,200 

34,900 


4 

13,900 

20 


6,200 

28,900 

32,800 

19,000 


5 

13,500 

10 


13,700 


14,950 


24,250 

6 

10,350 

10 


13,400 

25,500 




7 

15,200 

20 


17,800 

25,800 

24,100 



8 

12,400 

15 


81,150 

34,750 

22,000 



9 

11,300 

20 

13,800 

17,000 

24,000 

30,000 

28,900 


10 

13,500 

1 0 

14,310 

16,800 

17,330 

17,800 

33,700 

34,300 

11 

16,300 

20 

20,500 

24,500 


36,600 


23,500 

12 

18,000 

1 •> 


18,700 


21,500 


29,100 

13 

14,200 

20 


20,000 




20,800 

14 

15,000 

20 


21,000 


22,250 


30 600 

15 

9,200 

20 

10,700 

10,250 


24,450 


39,900 

16 

16,000 

20 

20,500 

25,300 

32,600 


20,000 


Average 

13,350 


14,350 

18,100 

27,380 

25,900 

20,240 

28,340 


Injections of 2 mg usually produced transient shocklike phenomena 
Within one or two houis the behavior and appearance of these cats were 
not distinguishable from those of cats that had not been treated Eight 
cats were used in this experiment, and each one was given injections of 
corresponding volumes of physiologic solution of sodium chloiide for 
control observations In no instance was there a significant variation 
111 the leukocyte count following injections of saline solution In our 
hands the intravenous injection of histamine pioduced leukocytosis 
regularly in cats 

In another experiment monkeys (Macacus rhesus) were given sub- 
cutaneous injections of varying doses of histamine phosphate in physi- 
ologic solution of sodium chloride Leukocyte counts weie made 
immediately before and at intervals following the injections Aseptic 
technic was maintained Thiee monkeys were used, and no subsequent 
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injection ^\as made until the leukocytosis following the pievious injec- 
tion had subsided Usually three oi four days intervened between 
injections The pulse and respirations at frequent intervals following 
the injection of histamine showed slight variations from normal The 
manifestations of circulatory disturbances lesembhng shock were not 
marked The doses of histamine and the leukocyte counts are given 
in table 2 

It will be seen that a shaip rise m the leukocyte count followed the 
injection of even 0 75 mg of histamine The mciease consisted of poly- 
moiphonuclear neutrophils The maximum leiikocj^tosis usualU occuried 
fiom tw'^o to four hours following the injection How’^e\ei, in one 
instance, when 9 mg of histamine phosphate was injected, the maxi- 
mum Ieukoc}’'tosis, 57,550, occurred w'lthin an hour This result maj' 
be compared to the high leukocytosis wdnch follows extensile bums of 


Table 2 — Leukocytic Counts Polhcvtuq Subcutaneous Injection of Histamine 

Into Monkeys 


Count 

Before 

Hist 

amine, 

Mt 



Counts After Gil cn Intenols 



1 Hour 

3 Hours 

4 Hours 

0 Hours 

24 Hours 

48 Hours ' 

5,530 

90 

'»7,oj0 

30,500 

20,700 

20,750 

18,930 

11,100 

C,C30 

00 

14,400 

10,2 >0 

41,400 

30,000 

17,000 

17,150 

3,430 

4 3 

24,130 

19,400 

7,830 

7,760 

4,400 

moo 

12,050 

2 3 

23,730 

20,100 

23100 

24,700 

12,300 

7,130 

7,700 

2 25 

9,030 

22,850 

13,000 

10,300 


12 350 

3,430 

1 3 

20,000 

40,000 

19,400 

18,000 

14,300 

11,000 

0,300 

10 

0,130 

13,030 

10,030 

13,700 

11,200 

8,000 

3,400 

0 “3 

13,4-0 

18,830 

18,140 

10,030 

9,800 

9,200 


the skin in man In our hands the subcutaneous injection of histamine 
was followed by leukocytosis m monkeys 

Histamine phosphate m doses of from 0 5 to 1 mg in sterile solu- 
tion was given intravenously to seven young men The leukocj'tes m 
the blood were counted immediately befoie and at intervals folloivmg 
the injections A moderate leukocytosis occuired regularly, wuth an 
average increase of 3,000 leukocj'tes from three to five hours following 
the injection The count returned to noimal within twenty-four hours* 
In several instances a slight leukopenia w'as found one horn aftei the 
injection This w’’as followed bj'' an increase in the leukocj'te count in 
each case Conti ol counts at corresponding intervals were made on 
the same subjects In no instance did these show a significant raiiation 
Data concerning this group are showm in table 3 

The intravenous injection of histamine produced a characteristic 
circulatory reaction The face at first w^as flushed but immediately 
became pale This was accompanied by a metallic taste in the mouth, 
dizziness, faintness and frontal headache The radial pulse w^as rapid 
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and sometimes weak The headache sometimes lasted several houis, 
but the othei manifestations disappeared within thirty minutes In one 
instance, case 3, the subject fainted when only 0 5 mg had been injected 
One hour later his leukocytic count had decreased from 5,900 to 1,700 
The count rose immediately to 9 800, and twenty-foui hours later it was 
9,000 This was the only instance m which the leukocytosis m our 
subjects persisted twenty-four hours 


Table 3- 

— Leukocytic Counts roUowtng luttavcnous 
Human Subjects 

Injection of Histamine into 




Counts After Given Intervals 


Normal 

Histamine, 

r 

X 



Subject 

Count 

He 

1 Hour 

3 Hours 

5 Hours 

1 

5,900 

0 75 

9,050 

9,700 

8,730 

2 

7,900 

0 75 

8,350 

9,‘’00 

9,150 

3 

5,900 

0 50 

1,700 

9,800 

8,750 

4 

6,350 

100 

6,250 

9,4 ">0 

6,600 

5 

8,900 

0 75 

7,630 

8,400 

15,000 

G 

6,500 

1 0 

5,800 

4,350 

8,200 

7 

7,800 

10 

5,350 

18,600 

14,100 


Table 4 — Leukocytic Counts Follounug Subcutaneous Injection of Histamine 

Into Human Subjects 


Hist Counts Alter Given Interv als 



Count 

amine. 

1 


A 


\ 

Subject 

Before 

Mg 

1 Hour 

3 Hours 

5 Hours 

7 Hours 

24 Hours 

1 

5,700 

20 

7,650 

0,600 

7,700 



2 

6,240 

20 

6,000 

7,150 

5,300 


6,200 

3 

7,100 

20 

7,000 

6,500 

7,200 


7,150 

4 

4,800 

25 

5,050 

9,450 

6,000 


5,000 

a 

6,500 

30 

6,950 

7,200 

8,700 


6,050 

6 

6,750 

30 

5,250 

5,000 

7,200 


5,6'0 

7 

5,150 

50 

3,800 

6,800 

7,600 

7,600 

5,000 

8 

8,500 

50 

6,500 

10,450 

11,300 

10,600 

8,600 

9 

5,350 

50 

4,400 

8,600 

8,650 

9,600 

5,100 

10 

6,400 

50 

5 300 

9,700 

10,1'0 

8,700 

6,200 


Histamine phosphate was given by subcutaneous injection to another 
group of volunteers In these the results varied with the amounts of 
histamine given In three subjects receiving 2 mg the leukocyte counts 
remained within normal limits throughout the course of the experiment 
Subject 4, receiving 2 5 mg , showed a maximum rise of 4,650 leuko- 
cytes in three hours Subject 5, receiving 3 mg , showed a maximum 
increase of 2,200 in five hours, but subject 6, receiving the same dosage, 
showed little or no effect In the four subjects given 5 mg of his- 
tamine phosphate a decrease in the number of leukocytes occuried in 
the first hour followed legularly by an average inciease of 3,340 leuko- 
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cytes in from live to seven hours Control counts made at correspond- 
ing niteivals on another day showed no significant variations from 
noimal The polymoiphonucleai neutrophils were the only cells show- 
ing significant numeiical variations both in this group and in those 
receiving histamine intravenously 

The subcutaneous injections produced general manifestations similar 
to those following intravenous injections, but less m degree Rapid 
pulse and flushing of the face were noted \\ithin a few minutes A few 
of the men had headache, wdnch lasted several hours , some noticed 
shortness of breath on exertion , m others these effects -were not present 
The local effects w ere less marked than had been expected The injec- 
tions w'ere made into the loose aieolar tissue near the elbow They 
resulted in slight local swelling and tenderness to pressure for from 
tw'enty-four to forty-eight hours In no case did this cause complaint, 
and it was regarded as trnial by each of the subjects 

COMMENT 

It has been shown (Lewis that any tjpe of injury to the human 
skin results in a circulator}^ reaction which is local in origin and is 
independent of innervation This reaction depends on the release of 
a diffusible substance from the injured cells, w'hich substance is respon- 
sible for initiating the earl} phases of inflammation about the point of 
injury Lew'is could not distinguish this substance from histamine but, 
lacking evidence concerning its exact chemical nature or combination 
he speaks of it as H-substance Dale ” confirmed the conclusions of 
Lewis, and stated that theie is as good chemical evidence of the pres- 
ence of histamine m the cells of the body generally, and of its liberation 
from them following injury, as of the existence of epinephrine in the 
adrenal medulla, and of its secietion as such into the blood 

Lewis attributed the systemic phenomena wdnch follow^ extensive 
superficial injuiies, such as burns, to the liberation of large amounts 
of H-substance from the injured skin It is w^ell established that shock, 
similar in all respects to that resulting from injection of histamine, 
follows extensive superficial burns It also is w^ell known that such 
burns are followed immediately by marked leukocytosis Locke 
reported counts ranging from 10,000 to 50,000 wuthm two and one-half 
hours following burns The leukocytic counts w^ere above 50,000 regu- 
larly m the fatal cases This raises the question wdiether such leuko- 
cytosis IS due to H-substance or to some other agent, and whether 
H-substance is identical with histamine in its influence on leukocytes 

9 Dale, H H Lancet 1 1235 1929 

10 Locke, E A Boston M & S J 147 480, 1902 
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Physiologic assays (Lewis indicate that histamine, estimated in 
terms of the base, is present m the human skin in a concenti ation of 
about 1 60,000 A simple calculation shows that 5 mg of histamine 
phosphate, which contains approximately 2 5 mg of the base, will be 
contained m about 150 Gm of skin In several of our human subjects 
the subcutaneous injection of 5 mg of histamine phosphate was fol- 
lowed by a leukocytosis of 10,000 This approximates relatively, though 
perhaps it does not equal, the leukocytosis which follows moderately 
extensive burns of the skin However, the experimental leukocytosis is 
very similar in degree to that which regularly follows extensive suigical 
procedures when no infection is present PostojDerative leukocytosis 
may be due in part to the absorption of histamine from aieas of trau- 
matized tissue 

It must be remembered that the chemical combination in uhich his- 
tamine exists in tissues is not known It is possible that that combina- 
tion IS more effective in its physiologic action than is histamine phosphate 

Highei leukocytic counts were obtained in cats and m monkeys than 
in man This probably was due to the laigei dose i dative to the body 
weight 

We express our appreciation to the group of medical students who 
voluntarily submitted to experimentation m the work heie repoited 

CONCLUSIONS 

Histamine phosphate given intravenously to cats, subcutaneously to 
monkeys and by both methods to man is followed by an inciease m the 
number of polymorphonuclear leukocytes in the blood 

Frequently the leukocytosis following injections of histamine is pre- 
ceded by a transient leukopenia 

The release of histamine from cells in areas of extensive injury is 
piobably a factor in evoking the subsequent leukocytosis This may 
account for the leukocytosis following surgical and other inj lines 



BEHAVIOR OF TRANSPLANTED SPLEEN 


WITH SPECIAL RLEEKEKCE TO THE TISSLE DIEFEREKTIAL OF 

HEMOPOIETIC ORGANS 

MARTIN SILBERBERG. D 
Canada 

Various hemopoietic organs can be transplanted, but with much less 
success than epithelial tissues I wished to analyse this deficiency in 
tiansplantabihty, and for this pm pose I studied transplantation of 
splenic tissue in guinea-pigs In particular it seemed of interest to 
deteimine, if possible, (1) how regeneration of splenic tissue takes 
place under the conditions of transplantation, and (2) nln hemopoietic 
tissues show only veiy slight regenerative and growth tendency 

MATERIAL AND METHODS 

Autotiansplantations, SMigenesiotransplantations and homeotrans- 
plantations of splenic tissue uere earned out in guinea-pigs weighing 
from 200 to 250 Gm Pieces of spleen, about 4 b} 4 mm were trans- 
planted immediately aftei renio\al into subcutaneous pockets of the 
abdominal wall The grafts were taken out together ith the surround- 
ing tissue and cut in serial sections Twent\-foui animals weie used 
in these experiments 

OBSERVATIONS 

Antot) ansplavtahon — After two days the peripheral zone of the 
giaft IS alive, the reticulum cells are producing free vandering pliago- 
c}i:otic histioc 3 Tes Living malpighian bodies are also seen, but show 
no signs of i egeneration , a slight invasion of the transplant by some 
tymphocytes from the blood stream of the host is noted The central 
zone of the transplant has become neciotic in some places There are 
here no invading leukoc)tes and lymphocytes, no mobilization of 
leticulum and endothelial cells is noticeable, noi is there any marked 
actiNity of the malpighian bodies The powei of lesistance of the 
latter is striking A certain number of the lymphocytes in these struc- 
tuies are alive, their c}toplasm somewhat increased, but other lympho- 
C 3 i:es are damaged or destioyed An augmentation of mitotic figures 
IS not observed Foui days aftei transplantation the inflammatory 
cells in the peripheral zone have disappeared Heie the leticulum cells 
have become mobilized and transfoimed into histiocytes, which are 
numerous and aie active phagocytes Many lymphoc)des of the 
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malpighiaii bodies show an increase in cytoplasm, and some of these 
cells also have become fiee wandering cells, having thus been changed 
into polyblasts The central zone of the graft shows signs of mjuiy, 
some lymphocytes being destroyed However, here also a laige number 
of lymphocytes of the malpighian bodies are well preserved, and they 
likewise become converted into polyblasts which penetiate through the 
necrotic zone and reach the living tissue in the periphery The poly - 
blasts thus have two points of origin Some arise fiom the penpheral 
living zone of the lymphoid tissue as well as from the transformed 
leticulum cells in this region, while others develop fiom the survnmg 
cells in the central zone Mitotic figures are seen eveiy where m the 
lymphocytes, but their number is not increased ovei the normal In the 
interior of the graft neither the fibrocytes nor the undifleientiated 
mesenchymal cells are augmented After eight days the tiansplant is 
surrounded by loose vascularized fibrous tissue The legeneration 
within the graft itself is progressing and takes place in the leticulum 
and the lymphoid tissue of the peripheral zone as well as m the central 
zone In some areas there is an outgrowth of endothelial cells of the 
sinuses toward the center of the piece, producing small spaces filled with 
blood and lymph cells Many newly formed small and medium-sized 
lymphocytes are found, while the previously necrotic central zone is 
replaced by a great number of phagocytic poly^blasts Associated with 
the new formation of cells there is a new production of loose leticulum 
fibers This process is still more evident after twelve days Aftei 
twenty-one days the transplanted tissue on the whole is apparently well 
preserved, displaying again the normal structure of spleen The endo- 
thelial cells of the sinuses show no mobilization, but they still continue 
to grow out in some places The undifferentiated mesenchymal cells 
and hemocytoblasts are not increased, but are present in their usual 
number In the periphery of the transplant a conglomeration of 
eosinophilic leukocytes is found The graft itself is surrounded by a 
large dense well vascularized layer of fibrocytes forming a connective 
tissue capsule 

SyngenesioUansplantation — After two days the periphery as well 
as the center of the transplant has become necrotic to a considerable 
extent Trabeculae are still evident, and sinuses and malpighian bodies 
are invaded for the most part by lymphocytes In the center remnants 
of malpighian bodies are found with greatly injured lymphocytes The 
living reticulum cells are transformed into free wandering cells, but no 
transformation into lymphocytes is observed The small and medium- 
sized lymphoc}des, so fai as they are undamaged, have produced poly- 
blasts of various shapes The leticulum fibers have become swollen, 
they are spread out and partly dissolved After four days the resorption 
processes in the graft have progressed still farther The reticulum 
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fibers are for the most part destroyed, the tissue itself is invaded bj 
lymphocytes and a great many pol} blasts coming from the blood stream 
of the host The lymphoid cells of the transplant have become necrotic, 
the malpighian bodies damaged Some of the reticulum cells are 
mobilized and transformed into phagocjtic histiocytes iinading the 
periphery After eight days a considerable production of fibrocytes is 
seen surrounding the tiansplant, while histiocytes are found all over the 
graft These occur chiefly at the peripheiy, and then number is 
diminished toward the central part This finding, m addition to the 
fact that in eailier stages the histogenous jiolyblasts produced inside 
the tiansplant have become mostly necrotic, suggests that the majorit} 
of the histiocytes aic of hematogenous oiigin from the host Accord- 
ingly, aftei from twelve to twenty-one days, the graft is almost com- 
pletely leplaced b} dense masses of connectne tissue showing hard 
collagenous and softer leticulum fibers Only veiy few remnants of 
trabeculae and sinuses with w'cll preseived endothelium aie noticeable 
The proliferation of fibiocytes indicates that formatne processes on the 
part of the antagonistic mesenchyme of the host lead to an overwhelming 
of the transplant b} host elements 

Homcoti ansplanlatwn — As in the s>ngenesiotiansplant, one notices 
heie, also, as earl} as aftei tw’o days numeious necrotic aieas in the 
center of the hoineotiansplant The reticulum fibers ha\e obviously 
become dissolved, wdiile the lymphocytes ha^e been mostly destroyed 
A certain resistance of the endothelial cells is found The invasion of 
the graft by l)'mphoc3 tes is pronounced Masses of hematogenous poly- 
blasts from the host aie actncly wandering tow'ard the center, but no 
evidence of any considerable reaction of the liinphoid, reticulum or 
endothelial cells of the graft can be detected Necrotic remnants of 
malpighian bodies aie still present, wheieas m the peripher} some 
trabeculae and sinuses are sometimes alive Heie and there a histo- 
genous reaction on the part of the graft is noted But as a lule all 
over the transplant it is the polyblasts coming fiom the vessels of the 
host which prevail, and they decrease in number tow^ard the necrotic 
central zone After eight days scanty remnants of the spleen aie still 
evident in the periphery, the center has become completel}' necrotic 
A great number of histiocytes are present showung phagocytosis A 
layer of \vell vascularized connective tissue has surrounded the graft 
After twelve days the tiansplant has been for the most pait replaced by 
polyblastic histiocytes and fibrocytes with a formation of fibers growing 
toward the peripher} A striking ingrowth of capillaries is seen as well 
as a considerable migration of eosinophilic leukocytes into the graft 
After twenty-one days these leukocytes are no longer visible A perfect 
organization has taken place However, in the periphery of the trans- 
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plant trabeculae and the last remnants of sinuses may still be recognized 
A well vascularized connective tissue replaces the transplant 

COMMENT AND CONCLUSIONS 

Autotransplants manifest a certain growth and full regeneiative 
tendency, which is evident after twenty-one days All the elements of 
the spleen are able to regenerate 

1 Endothelial cells show typical outgrowth in a lengthwise direction, 
forming new venous and lymph sinuses 

2 Reticulum cells have a marked power of lesistance to injury 
connected with transplantation and produce phagocjtes, but there is no 
evidence of their transformation into lymph cells 

3 Lymphocytes, so far as they remain alive, show two kinds of 
reaction 

(a) Some increase m number as a result of mitotic proliferation 
which leads to a new formation of small and medium-sized lymphocytes 
This takes place especially in the malpighian bodies 

(&) Others undergo hyperplastic changes leading to the production 
of polyblasts Later on these become fixed, new fibers being produced 

4 Hemocytoblasts and indifferent mesenchymal cells exert their 
power of further differentiation 

The graft itself is surrounded by a massive fibrous capsule, which, 
in general, is not usual in autotransplants 

In syngenesiotransplants and homeotransplants full regeneration was 
not noted As to the origin of the phagocytes one has to consider as 
possible sources (1) reticulum cells of the graft, (2) surviving 
lymphocjTes of the graft, (3) nongranular white cells of the host, 
(4) preexisting histiocytes of the connective tissue of the host 

Without doubt, some of the histiocytes are formed from the trans- 
planted reticulum cells As to their derivation from preexisting lympho- 
cytes, I have demonstrated that such a transformation certainly occurs 
Many of these phagocytes in the earlier stages following transplantation 
were seen in the center proceeding toward the periphery, where they 
were destroyed In later periods a new accumulation of these phago- 
cytic cells was observed in the periphery, together with an invasion 
by leukocytes, at a time when the common lymphocytes had disappeared 
Such observations indicate that a transformation of the invading lympho- 
cytes and monocytes into histiocytes must have taken place The num- 
ber of preexisting monocytes in blood and lymph is too small to explain 

1 Silberberg, M (a) Virchows Arch f path Anat 274 820, 1930, (b) in 
Hirschfeld, Hans, and Hittmair, Anton Handbuch der allgemeinen Hamatologie 
Berlin, Urban & Schwarzenberg, 1932, vol 1, p 2 
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completely the considei able number of polyblasts which are found in 
these grafts Subsequently the graft is absorbed by these phagocytes, 
which at a still later time are tiansformed into fibrocytes The pre- 
existing histioc}tes of the host’s connective tissue likewise are too few 
to explain the formative processes which take place w'-ithm the graft 

According to Jaffe and Richter, = legeneration of lymphoc}tes in 
tiansplants of splenic tissue is effected mostly by hyperplastic leticulum 
cells They did not, how'ever, distinguish betw'cen the indifferent 
mesenchymal cells and the reticulum cells Though a number of more 
recent experiments ^ have clearly showui that a transformation of 
l3mphoc3des and reticulum cells into pol3d3lastic histioc3'tes is possible, 
a transfoimation of histioc3des into l3mphocytes is not pro\ed While 
a development of l3nnph cells from the indifferent mesench3'’inal cells 
directl3’’ or b3'’ wa3'- of hemoc3doblasts is quite possible, such an oiigin 
would be exceptional 

Mai me and Manle3'^ ‘ ha^e pointed out that in autotransplants of 
spleen survival and grow'th are the lule I noted a variable grow'th 
tendency I used 3'oung guinea-pigs, winch ma3’- account for the fact 
that I had bettei results wnth homeoti ansplants than the last named 
investigators I could not find any CMdence for their statement that 
removal of the spleen acts as a powerful stimulus to the growth of the 
graft Considering the w'ork done in tissue cultures one knows that the 
sharper the cut edges of a piece are the better is its growth in culture 
It ma3' be that grafts wnth man3 shaip cuts w^ould show' better growth 
than those wnth onl3' a few cuts 

All the experiments made so fai make it eMdent that tissue from 
hemopoietic organs has no marked lesistance to transplantation (Loeb“), 
w'hile there is no doubt that epithelial organs and their cells, as a lule, 
show better regeneiative pow'er Ordinary connective tissue also has 
a high growth tendenc3' It 11133’- therefore be assumed that the tissue 
differential of epithelial and matuie connective tissues is firm and 
constant, while that of the hemopoietic tissues, in spite of then natural 
variability, can be less readil3' maintained 

Whenever hemopoietic tissues are placed in certain mediums 01 even 
merely removed fiom then original position wuthin the bod3'' one finds 
a definite result In tissue cultures as w'-ell as in s3mgenesiotransplants 

2 Jaffe, H L , and Richter, M N J Exper Med 47 917, I92S 

3 Maximow, A , in von Mollendorff, Wilhelm Handbuch der mikroskopischen 
Anatomic des Menschen, Berlin, Julius Springer, 1927, vol 2, p 1 Bloom, W, 
in Hirschfeld, Hans, and Hittmair, Anton Handbuch der allgemeinen Hamatolo- 
gie, Berlin, Urban & Schwarzenberg, 1932, vol 1, p 20 Silberberg ^ 

4 Marine, D, and Manley, O T J Exper Med 32 113, 1920 

5 Loeb, Leo (a) Arch Path 12 203, 1931, (l>) American Naturalist 65 
385, 1931, (c) Biol Bull 40 143, 1921, (<f) Physiol Rev 10 547, 1930 
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and homeotransplants of spleen all the various well characteiized 
elements of this tissue undergo changes which finally lead to their trans- 
formation into fibrocytes, thus indicating a loss of their characteristic 
tissue differential 

Presumably the changes m the nature of the sui rounding fluid 
medium which take place undei these conditions, and perhaps also the 
lack of connection with the legulating influence of nerves, lead to the 
loss of the cellular characteristics of these mesenchymal cells In form- 
ing fibrocytes the cells of the mesenchyme undergo the least specific 
differentiation At the same time the reactions on the part of the host’s 
mesenchyme prevail over the giafted hemopoietic tissues , the lattei 
seem to elicit a much stronger homeotoxic reaction in the surrounding 
tissue of the host than do other transplanted tissues In autotiansplants, 
vascularization taking place and the body fluids remaining the same, 
the conditions for regeneration and growth are better, these grafts 
therefore remain alive a longer time, and their cells retain their specific 
character 

SUMMARY 

Autotransplants of spleen manifest positive growth and full legen- 
erative tendency 

The regeneration of this organ is characterized by a specific and 
remarkably balanced growth of all its different cells , it is usually com- 
pleted within from sixteen to twenty-one days following transplantation 

In syngenesiotransplants and homeotransplants a full regeneration 
does not occur 

The cytologic observations reported here strongly suggest a trans- 
formation of lymphocytes into polyblasts and histiocytes 

Lymphoid and hemopoietic tissue, in general, have no marked 
resistance to transplantation 

It may be assumed that the tissue differential of epithelial organs 
and connective tissues is pronounced, while that of the hemopoietic 
tissues, in spite of the variability of their cells, is less marked The 
results of transplantation and explantation of hemopoietic tissue may 
be explained by a loss of their tissue differential 



EFFECT OF HYPOPHYSECTOMY ON NATURAL 
RESISTANCE OF ADULT ALBINO RATS TO 
HISTAMINE POISONING 

DAVID PERLA, MD 

AND 

S H ROSEN, MD 

NEW 'VOniC 

The removal of the achenal glands of rats is followed In a marked 
depression in the natuial resistance to various toxins, poisons and bac- 
terial and protozoan infections The depression is associated to a greater 
degiee with the loss of cortical than with that of medullar} substance 
This conclusion is based on the fact that the administration of epi- 
nephrine to adrenalectomized rats influences the lesistance only to a 
slight degree, wheieas the administration of the adrenal cortical 
hormone may laise the resistance almost to the normal level - 

The work of Smith'’ and othei investigatoi s demonstrated that 
lemoval of the hypoph}sis in lats is followed by atroph} of the adrenal 
cortex as well as of the lymphatic tissue, gonads, tlnroid gland and 
thymus The atrophy of the adrenal cortex is, however unassociated 
with changes in the medullary portion of the gland The experiments 
reported in the present communication were undertaken to determine 
the effect of hypophysectomy on the natural resistance of rats to 
histamine poisoning and to con elate the anatomic changes in the adienal 
gland with the changes m resistance In the couise of the work it 
was possible to determine that the posterior lobe of the Itypophysis 
played no significant part m the maintenance of resistance to this poison 

While this work was in progress, Wyman and turn Suden ■* repoited 
studies on the reactions of hypophysectomized rats to histamine They 
observed that after total hypophysectomy the minimum lethal dose of 
histamine may or may not be reduced to one half 

From the Laboratory Division, Montefiore Hospital for Chronic Diseases 

1 Perla, D , and Marmorston-Gottesman, J Am J Phj siol 89 152, 1929 

2 Perla, D , and Marmorston-Gottesman, J Proc Soc E-s-per Biol & 
Med 28 1022, 1931 

3 Smith, PE Am J Anat 45 205, 1930 

4 Wyman, L C, and turn Suden, Caroline Am J Physiol 109 115, 1934 
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METHOD or investigation 

All the rats used in these studies were of an original Wistar Institute stock 
raised in our laboratory during a period of twcKe years® At the time of opera- 
tion the rats used uere between 3 and 4 months of age The hypophysis was 
removed, according to the method described by Smith, through the ventral para- 
pharyngeal route The approach was through the nasopharynx Precautions 
were taken in the postoperative care of the animals to maintain a high temperature, 
as hypophvsectomized animals are very sensitive to cold 

Of se%entj'-six rats that ^vere hypophysectomized completely or partially and 
that survived the operation, thirty-two on which there was no further intervention 
died m from two to eighty-eight days® The remaining forty-four rats were 
given injections of varying amounts of histamine at varying intervals after 
hj'pophysectomy Some of these animals were given repeated injections at long 
intervals of increasing amounts of histamine in an effort to determine the lethal 
dose Autopsies were performed on all the rats, and the percentage weights of 
the liver, spleen, kidneys, thyroid gland, thymus, adrenals, ovaries, tubes and 
uterus, testes, seminal vesicles and prostate were determined Sections of all the 
organs were studied histologically, and the hypophyseal region was sectioned and 
examined histologically for fragments In manv instances gross or microscopic 
fragments of the anterior lobe were noted, but in none were fragments of the 
posterior lobe observed Under these circumstances the effect on the resistance 
of fragments of the anterior lobe could be estimated The susceptibility of the 
rats to histamine poisoning was studied 

OBSERVATIONS 

It was observed that loss of weight of the animal and atrophy of the testes 
were not reliable criteria of complete removal of the anterior lobe In seven 
instances marked atrophy of the testes was observed in the presence of fragments 
of the anterior lobe of the hypophjsis that were visible grossh The adrenal 
glands showed striking changes within nine days after hypophysectomy Hemor- 
rhage appeared in the reticular zone of the cortex sometimes as early as the third 
day after hypophysectomy The presence of cortical hemorrhage was noted in 
rats that showed no evidence of infection and received no histamine In other 
rats large macrophages filled with hemosiderin were observed between the cortex 
and the medulla The hemorrhagic change in the adrenal cortex in adult rats 
after hypophysectomy ® apparently precedes the atrophy of the cortex described 
by Smith ® 

Transient diabetes insipidus, which disappeared within four or five days after 
the operation, was frequently noted in completely hypophysectomized rats During 
this period the increased excretion of water was so marked that the fur of the 
rat was constantly wet about the genitalia In partially hypophysectomized rats 
the increased excretion of water was not prominent, though an increase in the 
intake of water occasionally occurred Accurate quantitative determinations were 

5 The rats were of Bartonella-carrier stock Smears of the blood and blood 
counts were made on a number of the animals in the course of the experiment, but 
the latent infection was apparently uninfluenced by hypophysectomy 

6 Extreme sensitivitv to cold is a striking feature A high mortality after 
hypophysectomy occurs if the temperature of the postoperative environment is per- 
mitted to drop below 80 F Sensitivity to cold after this operation is even more 
striking than after adrenalectomy 

7 The pigment appeared blue with the Turnbull stain for iron pigment 

8 Perla, David Proc Soc Exper Biol & Med 32 6SS, 1935 
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not, however, consistently recorded In a recent study Richter ” reported transient 
diabetes insipidus in completely hj pophysectomized rats and permanent diabetes 
insipidus in rats in which the posterior lobe and part of the anterior lobe were 
removed 

Effect of Hypophyscctoiiiy on Resistance of Rats to Histamine Poisoning One 
Week Aftci Opciafion — ^Within the first nine days thirtj -three rats on which 
operation ^\as performed died spontaneously In eight instances local cellulitis 
at the site of operation occurred In one purulent urethritis was present Sixteen 
rats died of shock within forty-eight hours In eight of the twenty-one animals 
surviving for from three to nine days there were hemorrhagic changes in the 
adrenal glands Infection of the sinuses occurred in a few rats 

Twenty-three rats received histaniinc seien to nine days after operation in 
amounts varying from ISO to SOO mg per kilogram of body weight In nine of 
these animals fragments of the anterior lobe were obseried at autopsv , in six the 


Table 1 — Effect of Hypophyscctomy on Resistance of Rats to Histamine Poison- 
ing Sezvn to Nine Days Aftci Opciation 



Number of 

Histamine, 

Number 

Number 

Operation 

Rats 

Mg per Kg 

Sur\ I\ eel 

Killed 

Complete hypophyscctomy 

1 

150 

1 

0 


3 

200 

1 

2 


1 

SOO 

0 

1 


1 

400 

0 

1 

Partial hypophysectoini 

1 

150 

1 

0 


C 

200 

0 

0 


0 

400 

1 

1» 


1 

600 

1 

0 

Exposure of hy pophy sis w Ithout 

2 

400 

2 

0 

removal 

1 

COO 

1 

0 


A 

000 

1 

0 

Normal controls 

2 

GOO 

1 

1 


2 

1,000 

0 

2 


* Tho adrenal glands rvero atrophic, the Iragnicnt of the anterior lohe of the hj pophysl'? 
was minute 


hypophysis was completely removed, and m four the hypophysis was exposed but 
not removed (controls on which operation was performed) Four normal rats 
received 900 and 1,000 mg of histamine per kilogram of body w'eight As may be 
seen m table 1, the hypophysectomized rats were killed by histamine in amounts 
as small as 200 mg per kilogram, w'hereas the controls surMved injections of 
900 mg per kilogram The resistance of the hypophysectomized rat one week 
after operation was about one-fifth that of the normal rat 

Effect of Hypophyscctomy on Resistance to Histamine Poisoning ft out Tzvo 
to Four Weeks Afiei Opeiaiion — In this group fifty^-five tests w'ere performed 
on thirty-eight rats, three of which were normal animals used as controls In 
twelve instances the hypophysis was observed to be completely reino\ed In 
twenty-five instances fragments of the anterior lobe were noted, and in fifteen the 
hypophysis had been exposed but was not disturbed (controls on which operation 
was performed) The interval between the time of operation and that of injection 
varied from thirteen to twenty-eight days The amount of histamine administered 
to the animals which had been operated on varied from 150 to 900 mg per kilo- 
gram of body weight The three normal animals used as controls received 900, 
1,000 and 1,100 rag of histamine per kilogram of body weight 


9 Richter, Curt Am J Physiol 110 439, 1934 
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eight on rats in which the hypophysis was completely removed, fifteen on rats 
in which fragments of the anterior lobe were noted at autopsy and fourteen on 
rats m which the hypophysis was exposed but not disturbed (controls on which 
operation was performed) 

Two of the normal rats used as controls received 1,000 mg and two 1,200 mg 
of histamine per kilogram of body weight The rats which had been operated on 
received histamine m doses ranging from 300 to 1,000 mg per kilogram of body 
w'eight 

In table 3 it is shown that the completely hypophysectomized rats were killed 
by histamine in doses of 600 mg per kilogram of body w'Cight and abo\e but that 
they survived smaller doses The partially hypoplij scctomized rats surined doses 


Table 3 — Effect of Hvl>ol'hyscctomy ott Resistance to Histamine Poisoninq 
Five to Ten Weeks Aftci Opciation * 



Number of 

Hist amine. 

Mg per Kg 

Number 

Number 

Operation 

Huts 

fciir\i\c(l 

Killed 

Complete hjpophjBcctomy 

1 

SCO 

1 

0 


2 

400 

0 

0 


1 

COO 

0 

1 


0 

EOO 

0 

2 


1 

000 

0 

1 


1 

1,000 

0 

1 

Partial hypophjEectouiy 

n 

O 

400 

s 

0 


i 

COO 

3 

1* 


4 

700 

0 

41 


2 

SOO 

0 

2 


2 

3,000 

0 

2 

Evposure of hjpoplijsis wltliout 

1 

400 

1 

0 

removal 

1 

COO 

1 

0 


2 

700 

2 

0 


0 

SOO 

2 

0 


c 

000 

5 

1 


2 

1,000 

1 

1 

Normal controls 

2 

3,000 

1 

1 


2 

1,200 

0 

2 


* Tho adrenal glands showed evidence o£ old and reeent hemorrhages 
t Two of these were pregnant females— one with bronchopneumonia and one with atrophy 
of tho adrenal glands 


as large as 600 mg per kilogram of body weight The rats used as controls on 
W'hich operation was performed survived doses of as much as 1,000 mg per kilo- 
gram of body weight, the operative procedure having no effect on the resistance 
to histamine The normal animals used as controls survned injections of as much 
as 1,000 mg per kilogram 

The adrenal glands of the completel}-^ In’pophysectomized rats w'ere found to 
be atrophic at autopsy, the cortex being smaller than normal 

Of the four partially hypophysectomized rats which were killed by 700 mg of 
histamine per kilogram, tw'o were pregnant at the time of injection, one had 
intercurrent bronchopneumonia and a localized abscess in the hypophyseal region 
and the fourth, though possessing a fragment of the anterior lobe of the hjpophvsis, 
had atrophic adrenals Of the partially hypophysectomized animals in which the 
adrenals were found to be of normal size, three survived a dose of 600 mg per 
kilogram, and two were killed by injections of 800 mg per kilogram The frag- 
ments of the anterior lobe of the hypophysis noted at autopsy in this group of rats 
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were apparently viable and often showed evidence of hypertrophy The presence 
of a fragment of the anterior lobe is sufficient to maintain a high degree of resis- 
tance to histamine unless the adrenals are atrophic (table 3) 

In four of the group of rats on which tests were made from five to ten weeks 
after operation localized spontaneous infections were observed, all in the vicinity of 
the operative site In two of the controls on which operation was performed local- 
ized abscesses were noted beneath the hypophyseal membrane, but not invading i'{ 
Neither animal died of histamine poisoning In one of the partially hypophysec- 
tomized rats a small abscess was observed in the hypophyseal area, though not 
destroying the fragment 

It IS evident that removal of the pituitary gland in rats from five to ten weeks 
prior to injection of histamine definitely diminishes the natural resistance of these 
animals to histamine to about one-half tliat of normal rats Even in the presence 
of a small fragment of the anterior lobe there may be a marked decrease in adreno- 
tropic substance m some instances, as indicated Iiy atrophy of the adrenal cortex 

Table 4 — Effect of Paitial Hypophyscctomy on Resistance to Histamine Poisoning 
Thu teen to T^ucnty-S 1 ^ JVecLs Aftci Opciatton 



Number of Histamine per Kg of 

Number 

Number 

Operation 

Rats 

Body M eight, Mg 

Surviyed 

Killed 

Partial hypoplijseotomy 

2 

COO 

1 

1 


1 

700 

1 

0 


3 

800 

2 

1 


3 

000 

1 

2 


1 

1,000 

0 

1 

Exposure of hypophjsis ivithout 

1 

900 

0 

1 

removal 

2 

1,000 

1 

1 


2 

1,100 

0 

2 

normal controls 

1 

900 

1 

0 


1 

1,000 

0 

1 


1 

1,100 

0 

1 


Since the medulla is apparently unaffected by hypophysectomy, it is probable that 
the decrease in resistance to histamine after this procedure is associated with the 
cortical atrophy 

Effect of Paitial Hypophysectomy on Resistance to Histamine Poisoning, fiom 
Thu teen to Twenty-Siv Weeks Aftei Opeiation — In this group tests were made 
on eighteen rats Of these three were normal In ten rats fragments of the 
anterior lobe were noted, which in some instances were apparently hypertrophied 
to from one-third to two-thirds the size of the normal anterior lobe The posterior 
lobe was absent in all of these animals In five rats the hypophysis had been 
exposed but was undisturbed (controls on which operation was performed) In 
no instance was the hypophysis completely removed lo The partially hypophysec- 
tomized rats received from 600 to 1,000 mg of histamine per kilogram of body 
weight Five controls on which operation was performed received histamine in 
doses of from 900 to 1,100 mg per kilogram In table 4 it is shown that the 
partially hypophysectomized rats survived doses of as much as 900 mg of histamine 
per kilogram, though in a few instances they were killed by smaller doses 


10 Adult rats do not survive complete hypophysectomy as well as immature 
rats At the time of this experiment we were not successful m keeping completely 
hypophysectomized rats alive for longer than three months 
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It IS striking that all the partiallj h 3 'pophyscctomizcd rats surviving the injec- 
tions of histamine possessed adrenal glands of normal size and appearance, even 
though in some instances the gonads or other tissues showed atrophic changes 
The rats with atrophy of the adrenal glands were in all instances killed by his- 
tamine in amounts less than the minimum lethal dose for normal rats However, 
in one instance a rat with apparentl} normal adrenals was killed bj 800 mg per 
kilogram 

Effect of Adicnal Cortical Iloimonc on the Natuial Resistance of Hypophy- 
sectoimccd Rats to Histammc — Since the decrease in resistance to histamne 
in hyjxipiiysectomized rats was associated vv'ith atrophic changes of the adrenal 
cortex, the effect of repeated injections of adrenal cortical hormone on the natural 
resistance of hypophysectomized rats to histamine poisoning was studied 

Seventeen totally hypophysectomized adult albino rats were divided into two 
groups One group of nine hypophysectomized rats from five to eight days after 
operation were given intrapentoneal injections twice daily during a period of six 
days of adrenal cortical hormone in amounts of 1 cc daily for each rat (equiva- 
lent to 40 Gm of fresh ox cortex) The other group of eight lij ophv sectomized 
rats received no cortical hormone Six days after treatment was begun the rats 
treated with cortical hormone were given injections of histamine in amounts rang- 
ing from 600 to 800 mg per kilogram of bodj-^ weight The untreated hypophysec- 
tomized rats received histamine in amounts ranging from 200 to 700 mg per 
kilogram Two rats used as controls on which operation was performed received 
600 and 900 mg , respectively, of histamine per kilogram of bodv vv eight Of four 
normal rats used as controls two received 900 mg of histamine per kilogram and 
two 1,000 mg 

The rats treated with cortical hormone in most instances appeared to be 
improved clinically and gained in weight, though there was no anatomic effect on 
the atrophied adrenal cortex 

In table 5 it is shown that of the nine hj pophjscctomized rats treated with 
cortical hormone six survived injection of histammc in doses of from 600 to 800 
mg per kilogram of body weight and three were killed bv doses of 700 and 
800 mg per kilogram 

The h}’'pophysectomized rats not treated with cortical hormone and receiving 
injections of histamine were killed by doses as low as 200 mg per kilogram of 
body weight and did not in any instance survive a dose of more than 400 mg per 
kilogram 

The repeated injections of large amounts of adrenal cortical hormone raised 
the natural resistance of totally hypophysectomized adult rats to histamine poison- 
ing in some instances almost to the level of that of normal rats (table 5) It will 
be noted that this increase in resistance was effected during the first two weeks 
after hypophysectomy, when the greatest decrease in natural resistance to hista- 
mine was observed to occur Whereas the minimum lethal dose of histamine for 
hypophysectomized rats within this period varied from 200 to 300 mg per kilogram 
of body weight, the hypophj'sectomized rats treated with cortical hormone during 
six days prior to the injection of histamine survived in many instances a dose of 800 
mg of histamine per kilogram of body weight The effectiveness of the parenteral 
administration of any given amount of cortical hormone to hypophysectomized 
rats probabl}'- varies to some degree with the total amount of cortical hormone 
which may still be available m the involuted adrenal cortex 


11 Extract of adrenal cortex (Parke, Davis & Co ) 
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COMMENT 

It has been demonsti ated in pievious communications and by the 
woik of other investigatoi s that removal of the adrenal glands is asso- 
ciated with marked depression m the natural resistance to toxins, poisons 
and bacterial and protozoan infections It was observed that resistance 
to histamine in adrenalectomi/ed iats^‘ may drop to one eighth that 
of the normal animal, and it was suggested that histamine ma} be used 
as a gage of adrenal insufficiency 

In subsequent work b) Pei la and Marmorston it was found that 
the level of resistance to histamine after adrenalectoiu} could be raised 
almost to that of the normal animal In the administration of extract 
of the adrenal cortex - containing the hfe-prolongmg hormone of the 
adrenal cortex This suggested that the depression in the resistance 
to histamine after adrenalectomy was essentially due to loss of cortical 
function, particularly since administration of the medullarj' secretion, 
epinephrine, had only a slight eftect in raising the resistance to histamine 
poisoning in adrenalectomized lats’^ 

The extensive w'ork of Smith and other in\estigators demon- 
strated that hypophysectoni) in lats is followed by atroph) of the 
adrenal gland This suggested to us that a decrease m the i esistance 
to histamine might follow' hypophysectomy in rats 

12 Perla David, and klarniorston, J Arch Path 16 379, 1933 

13 Marmorston-Gottesman, J , and Gottesman, J T Exper J^Ied 47 503, 
1928 

14 Smith, P E Anat Rcc 32 221, 1926, J A M A 88 158, 1927, foot- 
note 3 

15 (fl) Richter, C P, and Wislocki, G B Am J Phjsiol 95 481, 1930 
(b) Evans, H , Mej^er, K , Simpson, M E , ct al The Growth and Gonad- 
Stimulating Hormones of the Anterior Hvpophysis, vol XI, Memoirs of the Uni- 
versit> of California, Berkele), Calif, Univcrsih of California, 1933 (c) Collip, 
J B , Sel\e, H, and Thomson, D Nature, London 131 56, 1933 

16 Similar observations have been described in the tadpole (Pigmentary Grow'th 
and Endocrine Disturbances Induced m the American Tadpole b} the Early Abla- 
tion of the Pars Buccahs of the Hjpophysis, American Anatomical Memoirs, no 
11, Philadelphia, Wistar Institute of Anatomy and Biology, 1920, p 151 Atw^ell, 
W F Proc Soc Exper Biol & Med 29 621, 1932) , in the rabbit (Ikeda and 
Kusonoki, J Jap J Obst & Gynec 15 213, 1932, Folia endocnnol japon 
3 34, 1927), and in the dog (Houssay, B A, and Sammartino, R Compt rend 
Soc de biol 114 717, 1933) In man under conditions associated with hypofunc- 
tion of the hypophysis and in Simmond’s disease, the adrenal glands are atrophic 
(Falta, W Erkrankungen der Blutdrusen, Berlin, Julius Springer, 1913 , Cush- 
ing, H , and Davidoff, L M The Pathological Findings in Four Autopsied Cases 
of Acromegaly with a Discussion of Their Significance, Monogr 22, Rockefeller 
Institute for Medical Research, 1927, p 1 , Erdheim, J Beitr z path Anat u z 
allg Path 62 302, 1916, and Simmonds, M Deutsche med Wchnschr 45 482, 
1919) The atrophy of the adrenal cortex in hypophj'sectomized rats may be 
repaired by daily homotransplants of hypophysis (Smiths), by the injection of 
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Hence the present studies weie uiidei taken, and it uas found, as 
anticipated, that a depiession in the natural lesistance of adult albino 
rats to histamine poisoning occurred after hypoph} sectomy The 
resistance was reduced to a point as low as one fifth that of normal 
rats, the peiiod of greatest susceptibility to histamine poisoning occur- 
ring from about one to two weeks after operation In the later weeks 
the minimum lethal dose of histamine foi hypophysectomized lats was 
increased to from about one third to one half that foi the normal lat 
The deciease in resistance was associated with hemoirhage into the 
reticular zone or with atrophy of the cortex of the adrenals Partial 
hypophysectomy, in which the posterior lobe was destroyed but fiag- 
ments of the antei lor lobe remained, was also associated with a decrease 
in the natural resistance to histamine when involutional changes of the 
adrenal cortex occurred 

That the decrease m resistance to histamine aftei hypophysectoni} 
IS associated with the lemoval of the anterior lobe and not with that 
of the posterior lobe is indicated bj^ the fact that the rats in which the 
posterior lobe was completely removed but in which a large fragment 
of anterioi lobe remained survived injections of histamine in nearly the 
same amounts as did normal animals, piovided involutional changes 
were not present in the adrenal cortex 

Since hypophysectomy results in atrophy of the adrenal cortex with- 
out producing noticeable changes in the adrenal medulla, the depiessioti 
in natural resistance to histamine after this operation is piobably not 
attributable to disturbance of medullar}'’ function but is piobably asso- 
ciated with cortical atrophy induced by the withdrawal of the adieno- 
tropic hormone of the antei lor lobe of the hypophysis 

This hypothesis is corioborated by the finding that admimstiation 
of adrenal cortical hormone raised the natural resistance of h}pophysec- 
tomized rats (just as it does of adrenalectomized rats ") to histamine 
poisoning, in some instances almost to the normal level 

SUMMARY 

The natural resistance to histamine was depressed in completely 
hypophysectomized rats from one to ten v/eeks aftei operation The 
minimum lethal dose was from one fifth to one third that for normal 
rats 


potent extracts of the growth-regulating hormone (Evans, Myers and Simpson 
or of the adrenotropic hormone (Anderson, E M , Thomson, D L, and Collip, 
J B Lancet 2 347, 1933) The administration of extract of the adrenal cortex 
in hj'pophvsectomized rats does not prevent or repair the atrophj'’ of the cortex 
(Shumacker, H B , and Firor, W M Endocrinology 18 676, 1934) 

17 It IS interesting that, although hypophysectomized rats demonstrated a 
marked decrease in resistance to histamine, this depression was about one half as 
severe as that occurring after adrenalectomy in rats 
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This deciease in resistance was associated with hemorrhage into, oi 
atrophy of, the innei zone of the cortex of the adrenal 

Rats in which the posterior lobe and most of the antenoi lobe were 
removed showed a similar decrease in lesistance In these instances 
ati opine changes in the adrenal cortex occurred When a laige fiag- 
ment of anteiior lobe remained there was no depression of lesistance 
to histamine and the adrenal glands were normal 

Repeated injections of laige amounts of adrenal cortical hoimone 
raised the natural lesistance of totally hypophysectomized adult lats to 
histamine poisoning In some instances the resistance was laised almost 
to the level of that of noimal lats 

The decrease m natural lesistance to histamine after hypopln sectomy 
in the rat is probablj secondaiy to the atrophic changes in the adrenal 
coitex induced by the withdiawal of the adrenotiopic hoimone of the 
anteiior lobe 
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With the development of the conception that the reticulo-endothehal 
system is the site of antibody production,^ the attention of immunolo- 
gists has been directed toward a more intensue study of the cellular 
defense mechanisms of the body A i einvestigation of the phenomenon 
of inflammation fiom this point of view led Opie " and Menkm ® to con- 
clude that this process is largel} one of defense Gay, Claik and Lin- 
ton^ showed that there aie definite differences m the defensive properties 
of the various types of cells m an exudate Thus, only the monocytes 
(clasmatocytes) are concerned m protection against micro-organisms like 
the streptococcus and the pneumococcus The polymorphonucleai cells, 
on the other hand, not only may be ineffective, but may actually serve as 
a cultuie medium for these bacteria Obseivations were also made by 
Opie, Barkei and Dochez ° and later by Jobhng and Peteisen® on the 
enz)mes of the cells of mflammatoiy exudates and on the role of the 
so-called enzyme-antienzyme balance in infection and immunity 

The development m recent years of more accurate physicochemical 
methods and of new points of view in the study of enzymes, particularly 
through the woik of Northrop,^ Willstattei ® and Waldschmidt-Leitz ° 

From the Research Laboratories of the Mount Zion Hospital 
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and their associates, suggested a reinvcstigation of this subject The 
piesent communication is concerned with the proteolytic en/MUCs of 
exudates of the monocytic and polymorphonuclear types which had 
been produced in the pleural cavities of normal rabbits It is the first 
of a senes of papers on the i elation between the enzymic hydtolysis and 
the bacteriolysis accomplished by these exudates and on the possible 
effects of vaiious bacterial toxins, carbohy diates and other substances 
as activatoi s and inhibitors of these processes 

or nil lit]:ratlri: 

The investigations of Opie, Barker and Docliez re\ealed that i>oh morphoimclcar 
cells obtained from pleural inflammatory c\udatcs of dogs contain an cnzjmc, 
leukoprotease, which digests proteins in both neutral and alkaline reactions Cells 
of the mononuclear scries, on the other hand, ha%c a h mphoprotcase which acts 
only in w'cakly acid reaction Husfeldt^o reported two proteinases, cathepsin and 
trypsin, m neutrophils which had been obtained from a man with mselogcnous 
leukemia The first of these represents the enzjmc which is actne during 
autolysis, it digests proteins from pn 3 to 7, the optimal digestion ot casein and 
edestin is at pn 4 3 and 5 2, rcspcctneK The second enzjmc, Iciikocjtic tr\psin, 
begins to function at pn 4 and increases in activity with growing alkalinity of 
the solution A third enzyme, dipeptidasc, w-hich is present in mixed leukocytes 
of normal human blood, digests the dipeptides, alan\l-gijcmc and leucyl-glycinc, 
with optimal activity at pn 72 and 81, respectively, and the tripeptidc, alanyl- 

glycyl-glycine, at pn 7 3 These peptidases were further subdn ided by Wald- 

schmidt-Leitz 0 into a carboxy-polypeptidase and an amino-poly peptidase 

Kleininann and Scharr^i reported that hydrogen sulphide and hydrocyanic acid 
increase the proteolytic activity of the cathepsin of rabbit leukocytes, but only if 
gelatin is used as a substrate, no actuation is obser\cd w'lth casein or edestin 
The enzyme content of leukocytes varies somewhat w’lth the species of animal 

used Thus Willstatter, Bamann and Rohdcw'ald found the leukocy tes of the 

dog to be richer in trypsin than those of the horse Morco^cr, in the former, 
trypsin is fully active, while in the latter actuation is necessary 

The proteolytic enzymes of serum w'cre hkewuse investigated se\eral ^ears ago 
by Opie and his associates More recently Stephan and Wohl and Kleinmann 
and Scharr have increased knowledge of this subject Tw'O proteinases were 
observed in the serums of rabbits and horses a cathepsin associated with the globu- 
lin fraction and a tryptic enzyme bound to the albumin of the serum and liberated 
only when adsorbed on another protein such as casein Enterokinase has no effect 
on either the bound or the free trypsin of serum Heating to 56 C or adjusting 
the reaction to pn 5 or less causes serums to lose their antitrvptic power 

METHODS or INVESTIGATION 

Monocytic exudates were produced m the pleural cavities of rabbits bv the injec- 
tion of light mineral oil or a liquid petrolatum, specific gravity from 0 88 to 0 89, 

10 Husfeldt, E Ztschr f physiol Chem 194 137, 1931 

11 (a) Kleinmann, H, and Scharr, G Biochem Ztschr 251 275, 1932, (h) 
252 145, 1932 

12 Stephan, R , and Wohl, E Ztschr f d ges exper Med 24 391, 1921 

13 Weiss, C J Infect Dis 41 467, 1927 
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at 25 C After ati inler\al of fi\c {la\s, the animals were exsanguinated by 
bleeding from the carotid arteries under ether anesthesia, and the exudates were 
remoied bv oi>enmg the thoracic ca\ile Fnc rabbits usually yielded about 75 cc 
of exudate including about 45 cc of oil, which was discarded The exudate w'as 
divided into two cciual parts, one of which was immediately separated by centri- 
fugation into cells and supernatant fluid, while the other was placed in the 
refrigerator and tested as "total exudate” on the follow’ing day The sedimented 
cells were washed four times with physiofogic solution of sodium chloride in order 
to remoee traces of serum proteins, then extracted over night in distilled w'ater at 
refrigerator temperature (10 C) and again centrifugated to remove the cellular 
residue or stroma The latter was examined separately The aqueous cellular 
extracts and the supernatant fluids were diluted with sufTicient distilled water 
(about 96 cc ) to proeide 2 cc of cnrMiic material for each test tube 

Differential counts of the exudates made with the aid of Wright’s stain and a 
supraMtal technic (neutral red used) showed about 90 per cent mononuclear cells, 
manv of winch were ciasmatocj tes A few' neutrophils were seen inside the cyto- 
plasm of the monocj tes, and a number of the cells contained oil in their cj'toplasm 
Se\eral mesothelnl cells and fibroblasts were also recognired For comparison, 
polymorphonuclear exudates were produced by injecting a mixture of 5 per cent 
aleuronat and 3 per cent starch and removed after twenty-four hours Differential 
counts of this exudate show'cd from 90 to 93 per cent polymorphonuclear cells and 
from 7 to 10 per cent clasmatocy tes or histiocytes 

As substrate, 2 cc of 2 per cent iso-electnc gelatin was employed This quan- 
tity was adequate, since on complete hydrolysis its total combining capacity in the 
titration m the presence of formaldehyde is 36 cc of hundredth-normal sodium 
hydroxide, according to Cohn In some experiments a 2 per cent solution of 
purified casein was also used 

In order to determine the optimal pn for autolysis or digestion, aliquot portions 
of each fraction of the exudate were placed into pyrex test tubes 25 by 150 mm 
in size and adjusted by means of either hydrochloric acid or sodium hydroxide to 
pn 2, 3 and so on up to pn 10 at intervals of 1 pn unit with the aid of the glass 
electrode of de Eds No buffers were employed, since it was not desired to intro- 
duce substances which might interfere with enzyme action The total volumes 
were adjusted with distilled water to 10 cc and the tubes placed in an air incu- 
bator at 37 C for twenty-four hours Determinations of pn made at this time 
revealed no serious changes , the alterations seldom exceeded 1 pn unit Filtrations 
were done by the method of Northrop After adding neutral formaldehyde, the 
material was adjusted to pn 6, and the titration carried to pn 9 by means of 
hundredth-normal sodium hydroxide Standard color tubes were used as guides 
in determining the end-points The titration values of material which had been 
previously boiled for thirty minutes in order to destroy the proteolytic enzymes 
were subtracted from the corresponding values for material which was boiled just 
before titration In determining the digestion of gelatin by an enzyme, the values 
obtained for autolysis were subtracted from the corresponding uncorrected figures 
obtained by titration in the presence of formaldehyde 

14 Lucke, B , Strumia, M , Mudd, S , McCutcheon, M , and Mudd, E B H 
J Immunol 24 455, 1933 

15 Cohn, E J Ergebn d Physiol 33 781, 1931 , tables on pp 870 and 871 

16 de Eds, F Science 78 556, 1933 

17 Northrop, J H J Gen Physiol 9 767, 1926 
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THE AUTOLYSIS OF PLEURAL EXUDATES 

As seen in chait 1 A, an aqueous extract of rabbit monoc\tes of 
inflammatory origin contains a peptic enryme -which permits autol}sis 
in acid reaction between (appioximately) pu 2 and 5, the optimum being 
at pu 3 There is no evidence of cathepsin or of tripsin An aqueous 
extract of polymorphonucleai cells (chart 2 A), on the other hand, 
shows actiMty in the region of 3, 5 4 and 8, suggesting peptic 
catheptic and tryptic t}pes of digestion (autol)sis) The supeinatant 
fluid of a inonoc)'tic exudate ficed immediately from its cellulai elements 
(chart IB) shows trjptic digestion from about pn 7 to 10, with an 
optimum at about pn 8 and a slight amount of peptic action at /’h 3 
The seious portion of a polymorphonuclear exudate (chart 2B) 
behaves similarly but shows a little more peptic actiMt} 

When an aqueous extract of monocUic cells is allowed to autol}ze 
in the presence of the conesponding supeinatant fluid, the former 
exerts stiong inhibitoiy action on the latter fiom about pn 10 to 7 
(chart 1C) A slight stimulation of cathepsin occurs between pn 4 5 
and 6 5 In the peptic range, between pn 2 and 4 theie is definite 
inhibitor} action exerted b} the supernatant fluid on the extract of the 
monoc}tes^® In the case of the polymorphonucleai cells, antitriptic 
action b} the fluid is similarl} cMdent There is, ho\\e\er, inhibition 
of catheptic activity from pn 5 to 7 n ith augmentation of peptic In drol- 
ysis from /?h 2 to 4 (chart 2 C) 

Since Gay and his co-noikers discovered that the fluid separated 
from a pleural exudate aftei a delay of se\eral hours loses its bacteri- 
cidal power, It was of interest to asceitain how the proteohtic enzymes 
beha^ e under similar circumstances It was obsel^ ed that \\ hen centrifu- 
gation of a polymorphonucleai exudate is delayed for twent} -four hours, 
the resulting fluid shows no cathepsin Under similar circumstances 
the supernatant fluid of a monocytic exudate (table 1) acquires addi- 
tional peptic activit} , owing probably to autolysis of some of the cells 

When either a nionoc}tic or a polymorphonucleai exudate was 
tested “whole,” that is, without separation of leukoc}tes from the fluid, 
the autolysis accomplished in the regions of pepsin and cathepsin was 
greatly increased The monocytic exudate showed, howevei, definite 
evidence of antitryptic action, since the level of the cui\e fell below 
that of the supernatant fluid or of the algebraic sum of the two con- 
stituents The whole polymorphonuclear exudate did not show this 
phenomenon 


18 Hamburger, W W J Exper Med 14 535, 1911 
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Chart 1 — Autolysis of an niflanimator}' monocytic exudate at various pn values 
A, an aqueous' extract of the cells , B, the supernatant fluid , C, both of these 
undergoing autolysis together (after being reunited) , D, the algebraic sum of A 
and B, each undergoing autolysis separately The numbers at the left represent 
values obtained bytitration in the presence of formaldehyde, expressed in cubic 
centimeters of hundredth-normal sodium hydroxide The numbers at tlie bottom 
represent the initial pn values 



Chart 2— Autolysis of an inflammatory polymorphonuclear exudate at various 
pn values See legend of chart 1 for explanation 
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THE DIGESTION OF GELATIN BY PLEURAL EXUDATES, WITH 
OBSERVATIONS ON RESYNTIIESIS 

The curves for hydrol 3 'sis of gelatin by aqueous extracts of cells of 
the monocytic and polymorphonuclear series are similar to those for 
autolysis (chart 3 A) Pepsin, cathcpsm and tr}psm are present in 
the latter and only pepsin m the former Both supernatant fluids show 
tryptic activity but m the acid range they differ, m that the monocytic 
type shows absence of peptic en7yme while the poh morphonuclear is 
slightly active 

In the region between pu 4 and 6 or 7 negative values m the titra- 
tion 111 the presence of formaldehyde were observed with both types of 
supernatant fluid The tubes contained gelatinous precijiitates which 

Tablf 1 — Aufol\<;is oj a Moiwcvlic Exudate {Cells Removed dfter 

'1 7icut\-rou) Houi<;) 


Values Obtiilnccl l)\ 'litrntlon in the 
Presence of I ormnUlchjtle 
(Cc of lOOth Norninl >nOII) 


Initial pii* 

linnl pn 

Total 

r\u(Iute 

Boiled 

Control 



Lnrj int 
Acthitj 

20 

2 1 

1 14 

0 80 

0 34 

30 

i 4 

1 SG 

0 70 

1 10 

40 

4 1 

1 03 

0 39 

0 44 

50 

1 

0 5.3 

0 4S 

0 03 

00 

00 

0 4', 

0 42 

0 03 

70 

7 0 

OOS 

0 4') 

0 23 

SO 

73 

!27 

0 53 

2 74 

90 

79 

t 1. 

0 79 

2 04 

10 0 

S7 

2 n 

0 89 

1 42 


* The orlglnnl pn of the inaterlnl vns G 12 


were soluble in strong alkali In view of the woik of Wastenevs and 
Borsook,^® Voegtlin-® and others,-^ these findings aie tentatively 
accepted as evidence of reveised en/yme action or resynthesis (plastein 
formation) 

It IS also to be noted (chait 3 C) that in the piesence of gelatin the 
monocytic supernatant fluid exeits no antiti 3 'ptic action on the cell 
extract This ma 3 ’^ be explained b 3 ' the obseivation of Noithiop-- that 
gelatin combines with the antitr 3 q)tic oi mhibitoi substance However, 

19 Wastenej's, H, and Borsook, H Physiol Rev 10 110, 1930 

20 Voegtlin, C Maver, M E, and Johnson, J M J Pharmacol & Exper 
Therap 48 241, 1933 

21 Blagowestschenski, A W , and Jeremejew, G W Biochem Ztschr 270 
66, 1934 

22 Northrop, J H J Gen Phvsiol 4 261, 1922 
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since the antitryptic action persists when gelatin is exposed to the com- 
bined action of polymoiphonuclear cells and flnid, an alternate hypothesis 
IS suggested, namely, that resynthesis and hydrolysis pioceed simul- 
taneously, the cuives representing the algebraic sum of these two sepa- 
rate eflfects It IS also possible that the fluid of a polymoiphonuclear 
exudate contains much more inhibitor substance than the aqueous 
extract of monocytes Hence, the quantity of gelatin employed in the 
test may not have been sufflcient to combine with all of the inhibitor 
substance present This subject, however, requires furthei investigation 
When centrifugation of either a monocytic or a polymoiphonuclear 
exudate is delayed for twenty-four houis, the lesultmg fluid shows 
absence of catheptic activity and of lesynthesis Tryptic digestion seems 
to be markedly increased, suggesting an inactivation of the inhibitor 
of trypsin or a lelease or activation of the enzyme When centrifuga- 
tion of a monocj'tic or poljmiorphonuclear exudate is entirely omitted 



Chart 3 — Digestion of gelatin by a monocj'tic exudate at various pn values 
See legend in chart 1 for explanation 

and the whole exudate is tested, cathepsin is present, but resynthesis is 
not evident In the region between p-^ 2 and 4 there is evidence of 
diminished peptic activity m the case of the monocytic exudate and of 
strong activation in the case of the polymorphonuclear type 

The amount of gelatin hydrolyzed by extracts of eithei polymorpho- 
nuclear or monocytic cells depends on the amount of enzyme supplied 
Similarly the amount of resynthesis varies diiectly with the amount of 
fluid present The quantity of gelatin available as substiate did not 
affect the extent of resynthesis, double the amount usually employed 
gave similar results Hence the protein resynthesized is probably 
deiived from the protein-split products of the inflammatory exudate 
Since gelatin, but not casein, combines with the so-called mhibitoiy 
substance -- and helps to activate serum cathepsin, it was interesting 
to find absence of lesynthesis in the presence of casein 

A dipeptide, leucyl-glycine, was also exposed to the action of various 
fi actions of a monocytic exudate at />„ 3, 5 5 and 8 5 Both the fluid 
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and the whole exudate h} drol 3 ^zed this dipeptide at pn 8 5 At />n 5 5 
negatne values were obtained by titiation in the presence of formalde- 
hyde with the forinei suggesting that resynthesis can occur in the 
presence of a dipeptide as well as in that of gelatin 

THE PRESENCE OE MUTUALLY ANTAGONISTIC LYO-ENZ^ML AND DESAIO- 
ENZYME IN MONOCMLS AND POLYMORPIIONUCI EAR CELLS 

Willstatter, Baniann and RohdewakP” demonstrated that the stroma 
remaining after extraction of leukocytes Mith gljcerin is activel} proteo- 
lytic, and designated this bound enzyme as “desmo-en7}me” while the 
extractable portion ^\as termed “l 30 -cn 7 yme ” In the present communi- 


Tablf 2 — Mutiiaf luUibtlton of Leukocvtic L^o-IZucvtuc and Dcsnio-Enc\ine 


Tjpe ol Cell 

7)11 

Prcpiinitlon 

\ allies Obtained b> Titration In the 
Prc'cncc o£ I onnaldelode 
(Cc o£ lOOtb Normal ^nOII) 

f 

DIfrestlon Digestion 
\utoljsIs of Gelatin of Ca'cln 

Monocj tes 

30 

Stroinn and cell extract 

1 10 

3 00 

oco 


30 

combined 

Slatheinatlial sum 

i 

4 10 

5 20 


83 

Stroma and cell extract 

0 20 

000 

000 


83 

combined 

Slathcmatlcnl sum 

0 13 

0 03 

0 10 

Polymorplio 

30 

Stroma and cell extract 

0 20 

3 20 

0 40 

nucleiir cells 

30 

combined 

Jlathcmatlcal sum 

1 70 

3 30 

4 30 


8 3 

Stroma and cell extract 

0 30 

3 40 

0 80 


8 3 

combined 

Jlnthematlcal sum 

2C3 

2 90 

3 33 

cation we 

confil m 

and extend these 

obsei vatioiis 

Oul 

findings 


indicate that aqueous extracts of rabbit monocytes and polymoipho- 
nuclear cells contain more desmopepsin than l 3 "opepsin This was 
observed during autolysis as well as during digestion of casein or 
gelatin at />h 3 The pol 3 mioiphonuclear cells possess a comparativel 3 ’’ 
large amount of desmo-enzyme of the tr 3 ptic t 3 q)e in their stioma 
Since we have shown that rabbit monocytes contain no lyotrypsm, it 
was interesting to find absence also of desmotrypsin m these cells 

Willstattei’s findings of a mutual antagonism between leukoc 3 ftic 
l 3 ^otrypsm and desmotr 3 'psin were also confirmed The phenomenon was 
observed with monocytes at pn 3 and with polymoiphonuclear cells at 
both pn 3 and 8 5 The substi ates einplo 3 '-ed were casein oi the proteins 
associated with enzyme itself (autolysis) With gelatin the antagonism 
was not apparent, possibly because this pi otein combines with the inhibit- 
ing substance, as suggested b 3 ' Northiop (table 2) 
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COMMENT 

It IS a well known fact that during the development of an inflamma- 
tory reaction polymorphonuclear and monocytic phagocytes lespond to 
the effects of the irritant While the exact mechanism lesponsible for 
this phenomenon is not known, the work of Abramson suggests that 
the migration of leukocytes to a point of injury may in part he 
dependent on the existence of a difference in potential between the 
injured and the relatively normal tissues There is, moieover, an 
increase m the permeability of the blood vessels which peimits the 
passage, in addition to the white blood cells, of an exudate containing 
serum proteins and fibrin The digestion and absoiption of these 
elements is accomplished by means of the proteolytic enzymes of the 
exudate Owing to the concomitant apppearance of substances which 
inhibit proteolysis, it is necessary to study their behavior and also the 
role of various activators and accelerators of enzyme action during the 
stages of an infection Although several investigators, including Opie ® 
and Jobhng, Petersen and Stiouse,® haA’^e made impoitant contiibutions 
in this field, much still remains to be learned For example, what is 
the relation between the conditions favoring enzymic digestion and the 
capacity of the exudate to destroy bacteria^ Do bacterial toxins, 
autolysates, specific carbohydrates, etc , interfere with or stimulate the 
resolution of an exudate^ Is it possible to regulate this mechanism 
at will during an infection^ Our investigations were begun with the 
hope of answering some of these questions 

In the present publication we confirm and extend Opie’s observations 
concerning important differences m the behavioi of monocytes (clas- 
matocytes) and polymorphonuclear cells derived from pleural inflamma- 
tory exudates Whereas the monocytes contain only one proteinase, 
pepsin, the polymorphonuclear cells have pepsin, cathepsm and 
trypsin The supernatant serous fluids derived from these exudates 
also differ m that the former type contains a substance inhibiting peptic 
digestion while the latter contains one enhancing the peptic activity of 
the leukocytes Moreover, in the case of the polymorphonuclear 
exudate, it is the supernatant fluid which inhibits the tryptic activity of 
the cells, while m that of a monocytic exudate it is the cells which 
inhibit the tryptic autolysis of the supernatant fluid 

In addition to this, there is an inhibitory mechanism which concerns 
the leukocytes themselves This was first observed by Willstatter, 
Bamann and Rohdewald,®** Avho showed the presence of a mutually 
antagonistic extractable enzyme, or lyo-enzyme, and bound enzyme, or 
desmo-enzyme, in the leukocytes This is confirmed, and their presence 
m both monocytes and polymorphonuclear cells of inflammatory exu- 
dates demonstrated 


23 Abramson, HA J Exper Med 46 987, 1927 
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Reference has been made to impoitant difteiences ^\hlch Gay and 
Clark obseived in the bacteiicidal poweis of these two types of 
exudates Briefly, the monocytes can destioy streptococci and jineuino- 
cocci, wheieas the polymorphonuclear cells cannot Exact!} how this 
phenomenon is i elated to the dififetenees in their en7}me action remains 
to be detei mined 

While the exact immunologic significance of the antien7\me sub- 
stances m the blood oi seious fluids has not been definite!} established, 
the work of Wiight-‘ suggests that the antiti}ptic substance is related 
to the de\elopment of resistance to infection It is necessar} to con- 
firm this and to detei mine whether the phenomenon has general appli- 
cation Oui obscr\at!ons to the eflect that a cellulai extract and its 
coi responding fluid at times inhibit each othci's pioteo!}tic actnities 
while at othei times the} augment each other are strikingly similar to 
those of IMackie, Finkelstcm and van Roo}en-' wdio showed that the 
bacteiicidal pow^ei of a serum-leukoc} te mixture ma} under certain 
conditions be greatei than the sum of the sejiarate actnities of the 
serum pei se and the leukocytes pei se while undei othei conditions 
normal wdiole blood and scuim-lcukoc} tc mixtures aie inferior to serum 
in bactericidal pow'ei 

During the course of this stud} it was also obsened that while 
gelatin was being digested by the fluid of either a polymorphonuclear 
or a monocytic exudate there was a deciease in carboxylic gioups as 
evidenced b'N negative \ allies obtained b} titration m the piesence of a 
formaldehyde between /»ii 4 5 and 5 5 (or 6) A similar phenomenon 
w'as observed duiing the digestion of a dipeptide leuc}l-gl}cine by the 
fluid of the monocytic type of exudate In mcw of the woik of seieral 
authors,-® this is suggestne of a ies}nthesis of the protem-split pioducts 
present m the exudate due to a reveisal of catheptic action Whether 
a similai process ma}, under proper conditions, go on in \no during 
an inflammator} process is under investigation in this laborator} 
Should this phenomenon occui, it might help to explain some phases of 
the problem of delayed lesoliition in jineumonia as well as the produc- 
tion of adhesions and of organization 

A delay in separation of an exudate into its constituents (cells and 
fluid) causes an inactivation of the ti}psm inhibitoi oi a lelease or an 
activation of trypsin It also makes conditions unfaiorable foi resyn- 
thesis Gay and Clark showed that a supernatant fluid loses its bac- 

24 Wnght, A E Bnt M J 2 629, 1915 

25 Mackie, T J , Finkelstcm M H, and van Rooien, C E J Hig 32 
494, 1932, J Path & Bact 39 89, 1934 

26 Wasteneys and Borsook’’’ Blagowestschenski and Jeremejew Voegtlin, 
Mayer and Johnson 
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tericidal power if it is permitted to stay in contact with its cells for 
several hours before being tested The question naturally arises Do 
conditions which decrease bactericidal action also favor lesynthesis in 
an inflammatory exudate, and hence delayed resolution ^ 

It was pointed out in a foregoing paiagraph that the optimal pn for 
peptic digestion by monocytes or polymorphonuclear cells is 3 This is 
the pn which Rous found inside of these cells The cells can main- 
tain this intracellular acidity m spite of the alkalinity of the surioundmg 
fluid by virtue of the presence of dissolved carbon dioxide Since 
bacteria which are phagocytosed will find themselves in this acid reac- 
tion, this may be an important mechanism for the destiuction of bac- 
teria during inflammation Mackie Finklestem and van Rooyen have 
shown, moreover, that when bacterial toxins act on leukocytes, phago- 
cytic activity may be destroyed without affecting bacteiicidal action, in 
fact, toxins may liberate the bacteiicidal substances from leukocytes 
It IS therefore tempting to conclude that conditions which favor peptic 
digestion by leukocytes also favor liberation of their bactericidal anti- 
bodies This, however, is a subject for further in\ estigation 

SUMMARY 

Whereas monocytes of rabbits contain only one proteinase, pepsin, 
which IS active from pn 2 to 5, the optimal activity being shown at 3, the 
polymorphonuclears have pepsin, cathepsm and tr}''psin with optimal 
activity at pn 5 4 and 8, respectively The serous portions of the 
exudates also differ in that the monocjdic type contains a substance 
inhibiting peptic digestion by the leukocytes, while the polymorpho- 
nuclear type enhances this activity The fluid of a polymorphonuclear 
exudate inhibits the tryptic activity of the corresponding cells, while cells 
of a monocytic exudate inhibit the tryptic activity of their fluid 

There is also an inhibitory mechanism which concerns the leuko- 
cjdes themselves, observed by Willstatter, Bamann and Rohdewald, who 
showed the presence of mutually antagonistic extractable enzyme, or lyo- 
enzyme, and bound enzyme, or desmo-enzjmie, in the leukocytes This 
has been confirmed, and their presence in both monocytes and poly- 
morphonuclear cells of inflammatory exudates has been demonstrated 
When gelatin was digested by the supeinatant fluid of either a 
polymorphonuclear or a monocytic exudate, there was a decrease in 
carboxylic groups, as evidenced by negative values between pn 4- 5 and 
5 5 (or 6) on titration m the presence of formaldehyde A similar 
phenomenon was observed during the digestion of a dipeptide, leucyl- 
glycine, by the fluid of the monocjtic type In view of the work of 

27 Rous, P J Exper Med 41 379 and 403, 1925 

28 Jacobs, U H - Am J PIij^siol 53 457, 1920 
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seveial authors, this is suggestive of a resynthesis of the piotein-spht 
products piesent in the exudate due to a reversal of catheptic action 
Whethei a similar process ma)’’, under proper conditions, go on in vivo 
during an inflammatory process is undei imestigation Should this 
phenomenon occur, it might help to explain some phases of the problem 
of delayed resolution in pneumonia 

A delay in separation of an exudate into its constituents causes an 
inactnation of the trypsin inhibitor or a release or an actnation of 
trypsin It also makes conditions unfavoiable for resynthesis Gay 
and Claik shouted that an exudate fluid loses its bactericidal power if 
It stays in contact ivith its cells for several hours The question arises 
Do conditions w'hich deciease bactericidal power also fa\oi resynthesis 
in an inflammatory exudate, and hence deki} resolution^ This remains 
to be detei mined 



DUPLICATION OF MECKEL’S DIVERTICULUM WITH 
OTHER CONGENITAL ANOMALIES 

o 

LESLIE A CARLSON, MD 
Fellow in Medicine, the Mayo Foundation 

ROCHESTER, MINN 

Fitz ^ did not find a single case of duplication of Meckel’s divertic- 
ulum reported in the literature prior to 1884, and I have not been able 
to find any since that date 

Meckel’s diverticulum varies considerably m size, shape and situation 
in the ileum The usual length varies from about 2 to 10 cm , but 
larger ones, for example, that m the classic case reported by Moll," have 
been seen Tubular, conical, bulbous, irregular, hammer-shaped and 
even lobulated diverticula have been described Cullen ® referred to a 
multilobulated diverticulum which was reported on by King m 1843 
and to another diverticulum recorded by Gazin The second one had two 
orifices, separated by a bridge of tissue, which opened into the intestine 
Fitz mentioned the case reported by Hyrth m which the tip of a Meckel’s 
diverticulum was divided into five parts He described a diverticulum 
which had an incipient bifurcation of the tip Nauwerck^ noted two 
diverticula of the ileum , he considered one a true Meckel’s diverticulum 
and the other an acquired diverticulum which was produced by traction 
by a large mass of accessory pancreatic tissue 

Meckel’s diverticulum is distinguished from an acquired diverticu- 
lum by the fact that it possesses the four coats of intestine similar to 
those of the adjacent portion of the ileum, that is, serosa, muscularis, 
submucosa and mucosa 

Frequently, a Meckel’s diverticulum has a mesentery or a remnant of 
mesentery which extends along one side of the diverticulum for a 
variable distance 

Christie,® Schaetz ® and other investigators noted that Meckel’s diver- 
ticulum IS frequently associated with other congenital anomalies Christie 
observed this to be true in thirty-one of sixty-three cases 

Both the diverticula I am describing in this report were observed 
in the terminal portion of the ileum , they were antimesentenc in position, 

1 Fitz, R H Am J M Sc 88 30, 1884 

2 Moll, H H Bnt J Surg 14 176, 1926 

3 Cullen, T S Embryology, Anatomy, and Diseases of the Umbilicus, 
Together with Disease of the Urachus, Philadelphia, W B Saunders Company, 
1916 

4 Nauwerck, C Beitr z path Anat u z allg Path 12 29, 1892 

5 Christie, Amos Am J Dis Child 42 544, 1931 

6 Schaetz, Georg Beitr z path Anat u z allg Path 74 115, 1925 
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possessed the same coats as the adjacent portion of the ileum and were 
associated with othei congenital anomalies, and each had a mesentery 
of its own, which extended to the tip 

REPORT or A CASE 

A hydrocephalic male fetus, 38 weeks of age, which had died in utcro, w'as 
removed by craniotomy and extraction A diverticulum, 2 5 cm in length and 
1 cm 111 wndth, was situated 50 cm from the ileocecal \aKe on the antimesentenc 
portion of the ileum A mesentery extended to the tip along one side of the 
diverticulum Tw'entv centimeters proximal to this diverticulum was another, 
w'hich also was situated on the antimesentenc border and w'as of the same length 
and width It had a mesenterv similar to that of the first The dncrticula are 
show'll in the figure Microscopic sections from the base, middle portion and 
tip of each diverticulum showed that thei were smnlcir to each other and to the 
adjacent portion of the ileum 

In addition to the diierticula that are described there were Indrocephalus, 
W'hich W'as graded 3 on a basis of 4 , patent ductus arteriosus w itli coarctation of 
the aorta, and nonlobul.ition of both lungs 



Terminal portion of the ileum, showing the two dncrticula 


COMMENT 

It IS difficult to explain the production of two Meckel’s diverticula 
fiom the omphalomesenteiic duct I reasoned that in this case the 
process of atiophy of the omphalomesenteiic duct was both alteied 
and delayed, resulting in bifui cation of the tip similar to that w'hich 
occuried m the case repoited by Fitz This bifurcation continued fiom 
the tip of the paitially involuted omphalomesenteiic duct to the base, 
with the result that the duct was divided neatly into tw'o parts, each 
of wdnch has a separate opening into the intestine With the furthei 
growTh of the intestinal tiact each diverticulum grew'^ independently 
and sepal ated from its fellow^ by a distance equal to the increase in 
length of the inteivemng portion of intestine 

SUMMARY 

A case IS piesented of duplication of Meckel’s diverticulum in a 38 
week old male hydrocephalic fetus This condition w'as associated w'lth 
anomalies of the neivous cai dioA'asculai and respirator}' systems A 
possible explanation of this anomaly has been offered 


Case Reports 


THROMBOCYTOPENIC PURPURA ASSOCIATED WITH 
ADENOCARCINOMA OF THE STOMACH IN 
A YOUNG ADULT 

GEORGE G STEBBINS, MD 

AND 

MARIE L CARNS, MD 

MADISON, WIS 

Lawi ence and Mahoney ^ i ecently reviewed the literature on the 
association of carcinoma with thrombocytopenic purpma and leported 
one case of carcinoma of the stomach with extensive metastases and 
thiombocytopenia They pointed out that caicmoma is practically always 
associated with a normal oi an increased numhei of platelets m the 
peiipheral blood and that the association of thiombocytopenia with cai- 
cmoma of the stomach is particularly uncommon Because of the raie- 
ness of the finding of thrombocytopenic purpura associated with 
carcinoma of the stomach, especially m so young a person, the following 
case IS reported 

REPORT or A CASE 

Htsiotv — A woman, aged 21, w'as admitted to the hospital on July 3, 1933, 
with a chief complaint of “pain in the legs ” She dated the onset of her illness 
to SIX weeks before, at which time she had intermittent sharp stabbing pain in 
her shoulders A week before her admission the pain m the shoulders subsided, 
but she became nauseated and weak and vomited small amounts of dark blood The 
following day the stools were black, and they had continued to be so until her 
admission She had had no abdominal pain at any time Two days before admis- 
sion she first noted the “pain m the legs,” which was her chief complaint This 
pain she localized chiefly to the regions of the hip joints The day before admis- 
sion she noted ecchymotic areas on her arms and legs Inventory by systems con- 
tributed little more of a pertinent nature Her maximum weight was 140 pounds 
(63 5 Kg), nine years before, her average weight m recent years had been 
135 pounds (612 Kg), and her present weight was 120 pounds (54 4 Kg) She 
specificallv denied any additional symptoms referable to the gastro-intestinal tract 
other than recent anorexia and chronic constipation Her past medical history 
showed that she had had only two diseases, measles and influenza Tonsillectomy 

From the departments of Pathology and Medicine, University of Wisconsin, 
State of Wisconsin General Hospital 

1 Lawrence, J S , and Mahoney, E B Am J Path 10 383, 1934 
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in 1928, appendectomy m 1929 and childbirth in 1931 iiad been charactenred by 
uneventful recoveries There was no familial historj of hemorrhagic disease 

Exavunation — There were marked pallor of the skin and mucous membranes, 
rapid regular pulse and several small areas of subcutaneous hemorrhage o\cr the 
lower extremities There was no bleeding from the mucous membranes of the 
nose, mouth or throat The spleen w'as not palpable There were no abnormal 
cardiac findings other than tach 3 cardia (rate, 110) and no abnormal objectne 
findings in the region of the hip joints The impression on admission w-as that 
the condition w'as purpura haemorrhagica (the tjpe to he determined Iw laboratory 
studies) 

The blood count on admission show'cd 50 per cent hemoglobin, 2,630,000 red 
cells and 11,600 white cells, with 83 per cent neutrophils, 3 per cent eosinophils 
and 14 per cent hmphocjtes The platelet count (direct method) w'as 30,000, the 
coagulation time (capillarj pipet method), fi\e miinites, and the bleeding time, 
three hours (plus) A. flat roentgenogram of the pehis showed nothing abnormal 
in the hip joints or pelvic bones 

Coiitse — The patient appeared \er}' ill and w'cak and complained so bitterh of 
pain in the hips on movement that onK' those laborator\ studies deemed essential 
w’ere carried out Her course was progrcssi\cl\ unfa\orable despite all medica- 
tion, including blood transfusions (citratcd blood, from 200 to 500 cc ) of which 
she had a total of eighteen Small hemorrhagic areas appeared on the buccal 
mucous membranes, and she expectorated small amounts of bright red blood at 
intervals Terminallj she show'ed bilateral retinal hemorrhages and c\idenccs of 
intracranial hemorrhage The a\erage lc\cl of the platelets during her hospitali- 
zation W'as 80,000 The terminal blood count (rejiorted post mortem) showed 30 
per cent hemoglobin, 1,410,000 red cells and 7,950 white cells with 35 per cent 
neutrophils, 2 per cent eosinophils and 63 per cent hmphoc\les No abnormal 
cells w'ere reported She died on August 8, thirt-\-fi\e da\s after admission The 
final clinical impression W'as that the condition was primarj thrombocj topenic 
purpura 

Sumvwiv of Aiilopsv — Macroscopic Examination Autopsj' tw'o hours after 
death revealed a poorly developed but fairlj' w'ell nourished -voung white woman 
The lips, gums and buccal membranes w'cre -verj pale A brownish area m the 
left conjunctiva was interpreted as a petechial hemorrhage There w'cre numerous 
purple petechiae on the upper extremities A few' scattered petechiae w'ere found 
on the medial surface of each thigh and onlj' an occasional one on the chest and 
abdomen An oblique appendectoiu}' scar w'as present in the right low'er quadrant 

The peritoneal cavity contained 200 cc of a slightly blood-tinged fluid The 
peritoneal surfaces were smooth, moist and glistening There w'ere no adhesions 
(See the paragraph on the lymph nodes) 

The thorax contained no free fluid There w'cre no adhesions The pericardial 
cavity contained 60 cc of a clear straw-colored fluid The surfaces W'ere smooth 
and moist 

The heart weighed 220 Gm There were no abnormalities of the valves, endo- 
cardium, myocardium or coronary arteries An occasional small petechia w'as 
noted in the epicardium 

The lungs were pale, voluminous and crepitant throughout There w'ere no 
consolidations or hemorrhages The bronchi w'ere clear The blood vessels of the 
hilus contained no thrombi The bronchia! and mediastinal Ij'mph nodes w'ere 
enlarged and appeared to be producing pressure on the bronchi and blood \essels 
of the hilus (See the paragraph on the lymph nodes ) 
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The spleen was enlarged, weighing 350 Gm The capsule and cut surface were 
dark purple The pulp was firm The malpighian corpuscles were just visible 

The liver was enlarged and weighed 2,470 Gm There were about a dozen 
small white nodules on the capsular surface up to 0 5 cm in diameter Sectioning 
of the organ revealed more nodules of the same size Congestion was noted 
around some of the nodules The cut surface of the aiodules appeared white and 
medullary 

The wall of the gallbladder was edematous and somewhat thickened The 
organ was filled with bile Numerous petechial hemorrhages were noted on the 
mucosal surface The bile ducts were patent, but somewhat compressed by enlarged 
lymph nodes 

The pancreas and adrenals were of normal size and appearance 

The mucosa of the stomach was uniformly dark and congested m appearance 
On the lesser curvature there was a round, slightly depressed and puckered area 
which measured 1 8 cm m diameter The edges were not indurated, and there 
was little thickening in the base The lesion appeared grossly like a healed peptic 
ulcer scar The remainder of the alimentary tract was normal The appendix; 
had been removed 

The kidneys weighed 130 and 190 Gm each When the capsule was stripped 
off an occasional pitted scar could be seen on the cortex The cortex on the cut 
surface measured 7 mm , and it appeared somewhat opaque and cloudy 

The ureters, bladder, uterus and adnexa were of normal appearance The aorta 
was smooth and elastic 

The bone marrow of the ribs and vertebral column appeared pale and rather 
dry 

Examination of the lymph nodes showed The mediastinal and tracheobronchial 
lymph nodes were enlarged, firm and discrete They ranged in size up to 2 5 cm 
in diameter The nodes surrounded and appeared to be producing some external 
pressure on the trachea, bronchi and blood vessels of the hilus There were similar 
nodes around the head of the pancreas, at the neck of the gallbladder, below the 
stomach and m the preaortic region These nodes were all firm and discrete and 
ranged m size up to 4 cm in diameter Some obstruction was produced about 
the neck of the gallbladder by the tumor nodules The cut surface of some of the 
nodules, either mediastinal or abdominal, was medullary and hyperplastic in appear- 
ance, whereas others had areas of softening and yellow necrosis Many of the 
larger nodes were soft and bloody in their central portions No noticeable exten- 
sions were found to the pelvic bbnes or lumbar portion of the spine However, 
the eighth thoracic vertebra was the site of a moderate-sized metastasis The 
ribs and sternum revealed no evidence of metastatic growths 

Microscopic Examination The heart, the adrenals, the urinary bladder and 
the uterus did not show any structural changes 

The alveolar walls of the lung were slightly thickened, and there was beginning 
smooth muscle hypertrophy An occasional alveolus contained a clump of red 
blood cells A most interesting feature was the distribution of the tumor cells m 
the blood vessels and lymphatics The peribronchial lymphatic channels were dis- 
tended and filled with tumor cells (fig 1) Other lymphatics were similarly 
filled, particularly those in the pleural region Many of the blood vessels in the 
alveolar wall were filled with the tumor cells 

The pulp of the spleen was congested The malpighian corpuscles were normal 
There were primitive myeloid cells in the venous sinuses as well as occasional 
atypical tumor-like cells 
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In the liver there were metastatic nodules of tumor growth The adjacent 
liver cells were considerahh shrunken and somewhat irregular in appearance The 
Kupffer cells contained hemosiderin Numerous radicals of the porta! \ein and the 
sinus spaces m many areas were filled with tumor cells There were a number of 
foci of primitive-looking blood cells m some of the sinuses One poorh -formed 
megalokarj'ocj te was noted 

The wall of the gallbladder was edematous 

Some of the islands of Langerhans were hypertrophied, and others appeared 
atrophic 



Fig 1 — Photomicrograph of tissue from the lung A bronchus is shown in the 
center, and the peribronchial lymphatic channels are distended with tumor cells 


The wall of the stomach at the site of the previously described puckered scar 
revealed a primary adenocarcinoma which was somewhat scirrhous in some areas 
The glandular epithelium at the edge of the invasive growth was undergoing malig- 
nant degeneration Lymphatics and smooth muscle in the deeper portions of the 
section were all being invaded There was little connective tissue response Many 
mitotic figures were noted (fig 2 5) 

The kidnev tubules w'cre somewhat swollen and granular There w^ere sub- 
cortical collections of lymphoid cells, and the subcortical glomeruli were becoming 
obliterated and hyalmized 
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The lymphatics in the ovary were filled with tumor cells, but no perilymphatic 
invasion had occurred There were areas of necrosis and hyalinization 

The Ijmph nodes were largely composed of tumor cells which were actively 
growing There w'ere small areas of necrosis and hemorrhage Many mitotic 
figures were noted 

The bone marrow' of the rib had an exhausted sclerotic appearance The hemato- 
poietic centers w'ere appreciablj' reduced in numbers There were no megalokaryo- 
cytes A considerable amount of hemorrhage had occurred Recent hemorrhages 
as w'ell as areas of organizing hemorrhage were apparent The mam picture w'as 
that of sclerosis of the marrow' These scars were interpreted as areas of previous 
hemorrhage w'hich had since become organized and replaced by connective tissue 




Fig 2 — A, photomicrograph of bone marrow of the rib which reveals markedly 
reduced hematopoietic centers, hyaline thrombi on the right, areas of hemorrhage 
and venous sinuses in the left lower corner filled with tumor cells B, photomicro- 
graph showing primary adenocarcinoma of the stomach, tumor cells are seen in 
the lymphatics 


The arterial capillaries stood open and contained only red cells, but the thm-walled 
venous sinuses were filled with tumor cells It seemed probable that behind the 
blocked sinusoids hemorrhages had occurred Many of the sinusoids were filled 
with thrombi, some of which were becoming hyahnized Only an occasional tumor 
cell was found outside the sinuses (fig 2 A) 

Sections from the -vertebral metastasis revealed these pictures One had tumor 
cells filling most of the sinuses and only an occasional small extravascular exten- 
sion, another area revealed numerous patches of connective tissue scars The 
major growth of tumor cells was m the sinuses 
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SUMMARY 

An interesting featme of this case was the piedilection of the tumor 
cells for the lymphatics, lymph nodes and Aenous sinuses The cells 
from the small primary gastiic carcinoma readily imaded the lymphatics 
and gave rise to the laige number of metastases to the lymph nodes 
noted in the mediastinum and pei itoneal ca\ ity Lymphatic in\ olvement 
in organs was particularly noted m the o\aries and lungs Not a 
metastasis was found m the lungs outside the pulmonary lymphatics, 
which were widely distended especially in the peribronchial regions 
The liver had a number of metastatic tumor nodules, and in addition 
numerous radicals of the portal vein and h\er sinusoids Ycre filled with 
tiiinoi cells 

The venous sinuses of the bone marrow were filled with the tumor 
cells It IS our belief that the marked iinasion and proliferation in these 
sinuses played a leading role in the changes produced in the peripheral 
blood picture The exhausted ajipearance of the marrow w ith the marked 
reduction of hematopoietic centers and the apparent absence of megalo- 
karyocytes w'ould account for the reduction m hemoglobin and red blood 
cells as w'ell as the diminution in the number of platelets It is of interest 
m this connection that in the similar case reported by Lawrence and 
Mahoney^ the marrow showed an approximately noimal number of 
morphologically normal inegalokaiyocjtes 



SPIROCHETAL ABSCESS OF THE LIVER 

E E EcivER, PhD, and James Lynch, MD, Cieveiand 

Although spirochetes and fusifoim bacilli and other associated 
oiganisms are commonly found in infections of the mouth (such as 
fusospirochetal angina, noma, pyoirhea alveolaris and periapical infec- 
tions), in infections of the genital organs, intestinal tiact and respiratory 
tract and, less commonly, m those of the eye, eai, nose, meninges and 
brain, their occurrence in abscess of the hvei, osteomyelitis of the cranial 
hones and lesions of the axillaiy glands is rare 

In 1926 Von Glahn ^ reported that he had found argentophihc micio- 
organisms in two cases of supposedly sterile hepatic abscesses The 
demonstration was made by the silver impregnation method of Levaditi 
The spirilla observed m the first case stained intensely They varied m 
form some were long and undulating, containing at times as many as 
nine half convolutions, others were not so definitely convoluted but 
were curved and slightly twisted The ends were lounded In the 
second case, large masses of long, slender bacilli weie seen Many of 
these organisms weie sharply curved, others were slightly curved, hut 
none had convolutions similar to those described in the first case No 
dark-field examinations weie made Zinserling - observed metastatic 
abscesses of the liver and kidney in a case of fusospirochetal infection 
of a carcinoma of the stomach, and Smith ® observed metastatic abscesses 
of the liver, kidney and spleen and also a metastatic fusospiiochetal 
abscess of the femur following an operation on a fusospirochetal abscess 
of the lungs Considering that hepatic abscesses have been described as 
steiile in about one half or more of the cases reported (Rolleston,'* 
Talbot,® Elsberg ® and Giordano ’^), we agree with Von Glahn that more 
careful bactenologic examinations should be made in cases in which 
no bacteria or actmomycetes appear to be piesent in the abscesses 

REPORT or A CASE 

A white man, aged 40, was admitted to the Lakeside Hospital on June 9, 1931, 
complaining of pain in the chest and swelling of joints of the fingers, wrists, knees 

From the Institute of Pathology, Western Reserve University, and the Uni- 
versity Hospitals 

1 Von Glahn, W C Proc New York Path Soc 26 97, 1926 

2 Zinserling, W D Ueber die fuso-spirochatose Gangran und einige 
Prozesse vorzugsweise bei Kinder, Jena, Gustav Fischer, 1928 

3 Smith, D T Oral Spirochetes and Related Organisms in Fuso-Spiro- 
chetal Disease, Baltimore, Williams & Wilkins Company, 1932 

4 Rolleston, H D Diseases of the Liver, Gall-Bladder and Bile-Ducts, 
New York, The MacMillan Company, 1912 

5 Talbot, P Brit M J 2 375, 1919 

6 Elsberg, C A Ann Surg 44 217, 1906 

7 Giordano, quoted from Davidsohn, C Virchows Arch f 
171 523, 1903 
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and ankles He gave a history of h.i\ing Ind inniien/a followed bv pneumonia, 
hemoptysis and the ccnighing up of large amounts of foul-sinelling sputum Other 
features of the past history and the familial histor\ were irrclctant At the 
hospital he showed marked pillor of the skin .ind mucous membranes Respiration 
was rapid and shallow but not labored 1 iierc was a fetid exior to the breath 
The teeth were m poor condition, and the gums were retracted The head, cars 
and nose were normal 'I he right side of the chest v as nattened antcriorlj, with 
a posterior bulge beneath the scapula The respiratorj excursion on the right 
was somewhat restricted, .md diilness to percussion .it the base of the right lung 
with clc\ation of the breath sounds was noted Rales occurred at the end of 
inspiration Just beneath the angle of the scapula on the right, .amphoric breathing 
was heard T-hc heart was not enlarged, but the beats were rapid, 110 per minute, 
and of fair qualitj No murmurs were he.ird Tlic abdomen and genitalia were 
normal Ihere was clubbing of the fingers The joints and the wrists, fingers, 
elbows, knees and ankles were swollen, with increased local heat and redness The 
white blood cell count was 13,000, the cr\throc\tc count, 3,000,000, and the hemo- 
globin, 70 per cent Ihe Wasserm.ann reaction was ncgatise The sputum showed 
a mixed flora but no spirochetes or aeid-fast forms The patient remained in tlie 
medical sersice sc\cnt\-four d.a\s, and during this time his sputum showed spiro- 
tlietcs and fusiform Ii.icilh Postural dr.tinagc w is maintained, and fi\c injec- 
tions of neoarsphenamme were admmisicrcd Bronchoscopj siiowed nothing 
unusual A rib resection was performed on the lc\el of the angle of the scapula, 
and the abscess was drained Following irrigation of the v'ound with surgical 
solution of chlorinated soda and eight da 3 S prior to dc.ath, a positive blood culture 
(Streptococcus g, amnia) developed and signs of a fibrinous picurisj .appeared at 
the base of the left lung 

The clinical diagnosis was abscess of the middle lobe of the right lung, 
bionchopncumonia, fibrous plcurisj and septicemia (Str gamma) 

Autopsy — Only the significant observ.ations m the lungs and liver will be dealt 
with 

The cut surfaces of the upper lobe of the left lung revealed two adjacent 
spherical cavities near the pcriiihcry, measuring 1 5 bj 2 cm The walls of the 
cavities were thin, soft and structureless Thc> contained a dark green material, 
and no direct communication with the respiratorv passages was observed The 
overlying pleura was tinckened 

The right lung appeared larger than normal and showed a considerable increase 
in weight The pleural surface over the middle lobe, over the upper portion of 
the lower lobe and over the lower portion of the upper lobe appeared thickened, 
graj’’ and fibrous, and showed numerous fibrous tags and bands Cut surfaces 
revealed the middle lobe to be of grcatlj' increased densitj, to contain a spherical 
cavity about 2 5 cm in diameter, and to have a fibrous wall from 2 to 3 mm m 
thickness The cavity contained a thick, yellow, semifluid material, and its lining 
appeared to be structureless The cut surface inimediatel}' surrounding this cav'itj 
showed increased density, appeared gray and fibrous and contained a small group 
of irregular areas of softening, varying in width up to 4 mm These areas were 
in direct communication with the sinus in which the rubber drainage tube was 
inserted 

There was no communication between the thoracic and abdominal cavities 

On the superior aspect of the right lobe of the liver, at about the middle 
portion, the capsule was thinned out and showed a circular area (cavity) of dark 
green color, approximately 8 cm in diameter When this was opened, a thick, 
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yellow fluid having a foul odor escaped The wall of the cavity was 4 mm m 
thickness, dark gray and soft 

Pathologic Diagnosis — Gangrenous bronchiectasis of the right lung and gan- 
grene of the liver , chronic interstitial pneumonia , the wound of a surgical incision 
of the right thoracic wall with a sinus leading to the middle lobe of the right lung , 
acute fibroserous pleuritis of the left side, chronic fibrous pleuritis of the right 
side, acute fibrous pericarditis, acute hyperplasia of the spleen, cloudy swelling 
and passive hyperemia of the kidneys 

Bactei lologic Ex animat wn — Pus from the left lung contained fusiform bacilli, 
spirochetes, rods, cocci and pus cells Some of the spirochetes observed by dark- 
field illumination and Fontana’s stain appeared to be large and wavy (Spirochaeta 
buccalis) and others finer, wavy or closely coiled (Spirochaeta Vmcenti) In the 
hemorrhagic exudate from the right lung masses of spirochetes of the same types 
were seen, m addition to fusiform bacilli and other bacilli of various sizes, cocci 
and pus cells 

The pus from the liver was yellow and showed masses of pus cells, vibrios and 
cocci No spirochetes, typical fusiform bacilli or cysts were seen The cavity of 
the liver was washed out with physiologic solution of sodium chloride, and a 
piece of hepatic tissue at the base of the ulcer was taken out, ground up and 
examined by dark-field illumination, and smears stained by Fontana’s and How- 
ell’s ® methods By these methods the spirochetes predominated 

The spirochetes were fine, and the majority appeared to be well coiled, showing 
an average of from seven to ten coils Some were closely coiled, others loosely 
coiled By dark-field illumination they appeared to be actively motile The more 
closely coiled forms gave the appearance of Treponema dentium, although the 
majority appeared to be of the type of S Vmcenti In the hepatic tissue §tained 
by Fontana’s method, they appeared in the intercellular spaces Cultures on 
numerous mediums containing serum, ascitic fluid or hydrocele fluid and inocula- 
tions into traumatized testicles of rabbits failed to propagate them The blood 
culture yielded Str gamma 

SUMMARY 

A case of spirochetal gangrene of the lungs and liver is described 
The organisms m the hepatic tissue were discovered by dark-field exami- 
nation of material from the base of the hepatic abscess, and the observa- 
tion was confirmed when the hepatic tissue was stained by Fontana’s 
method No direct connection existed between the abscess of the liver 
and the abscesses of the lungs The abscess of the lung was therefore 
considered to be of metastatic origin 

8 Howell’s method of staining employs 1 per cent potassium permanganate 
and methyl violet 6 B 
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DI-NITROSORESORCINOL— A NEW SPECIFIC STAIN 
FOR IRON IN TISSUES 

Arthur A Humphrly, MD, Lfiia Y Post Mo^TGO^I^u\ Hospital, 

Battil Crtik, Micii 

The clemonstiation of compounds of iron, sudi as hemosidenn and 
A'aiious othei allied iron compounds in tissues, has changed but little in 
technic m the last seventy 3 ’'ears, and at present vanous modifications 
of the Prussian blue leaction aie emploj'ed almost to the exclusion of 
othei methods In the couise of work on the lecogmtion of iron m 
vanous organs it was found that all the piesent methods are wanting 
in one oi moie lespects, and a seaich w'as made for new'^ specific stains 
for iron Many of these methods, such as the use of a sulphide lack 
specificity and fail to distinguish iron pigments fiom coal dust, silvei 
salts and othei dark matenals and yet are superioi to the specific fer- 
rocyanide leactions which aie i datively much less sensitive This defect 
m sensitivity w'as conclusively demonstrated by testing the vanous 
methods on seiial sections of iion-contaimng tissue and noting the varia- 
tion in the amount of demonstrable pigment The impel manent natuie 
of the Prussian blue leaction is also an objection, because in experimental 
wmrk ovei a period of yeais maiked fading w^as noted in slides less 
than twm yeai s old 

In an effoit to find a moie satisfactory stain for iron various reagents 
wdnch gave a specific coloi reaction in colorimetric and metallurgic 
chemical analyses Aveie used on iron pigment-contaimng tissue Alcoholic 
and aqueous solutions of these chemicals w^eie tested for their leactions 
to non on sections from tissues fixed in formaldehyde and mounted in 
paraffin In some instances the sections w'ere fiist sensitized by a quick 
immeision in a solution of ammonium sulphide The following specific 
leagents for the detection of non weie used acetylacetone, an alcoholic 
solution of di-methylglyoxime, ammonium phenyhntiosohydioxylamine, 
alloxantin, thioglycolhc acid and di-nitrosoresoicinol The last men- 
tioned compound w^as found to be the only satisfactory stain Its 
formula after drying, according to Orndorfif and Nichols,^ is 
C,,H20 j(N 0H)^H, , when it occurs as 2, 4, di-nitroiesoicinol, the 
formula is (CoH, (N)j), (CH)o 2 H 2 O, accoiding to Rosenthaler- 
It IS a dark brown powder, 01 it may occur as yellow’’-bi own lamellae 

From the Section of Pathological Anatomy, the Mayo Foundation, Rochester, 
Minn 

1 Orndorff, W R, and Nichols, ML J Am Chem Soc 45 1536, 1923 

2 Rosenthaler, L , in Margosches, B M Die chemische Analyse, Stuttgart, 
Ferdinand Enke, 1923, 1920, p 483 
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which detonate at 115 C, according to Meyer and Jacobsen,® or at 
142 C, according to Rosenthaler Fitz,'‘ in 1875, hist mentioned the 
formation of a green coloration or lake with feiric chloiide 
Di-nitrosoresorcinol is soluble with difficulty in cold water and alcohol, 
but IS soluble m ether, benzene, toluene and chlorofoim For the 
detection of iron the solution should be neutral 

It was noted in the work with this stain that if the tissue was 
first sensitized by a mere dip m ammonium sulphide the stain was 
much more satisfactory and the non stained rich gieen, moreover, 
if the slide was allowed to remain m the solution a few hours or 
overnight a pleasing brown counterstain resulted The delicacy of 
this reaction is probably due to the ability of the new reagent to 
render minute quantities of iron visible, for it is evident that the 
sulphide renders the iron sensitive for the characteristic coloi reaction 
with the specific reagent Potassium cyanide can be employed as a 
oensitizei , but it is not as satisfactory as the sulphide 

The reagent appears to be more eflfective after it has aged for a 
few days , this is possibly due to its relative insolubility It seemed 
feasible to maintain a layer of the undissolved reagent in the bottom 
of the jar to insure saturation The solution remains apparently 
unaltered and stains well after two years of almost constant use, 
although it becomes darker 

The tissue, after fixation m formadehyde, is blocked in paraffin, 
sectioned and mounted on slides, after drying and removal of the 
paraffin the sections are stained by the following method 

1 Place the section m a jar containing a dilute (30 per cent) solution of 
ammonium sulphide for one minute 

2 Rinse m water 

3 Place m a staining jar containing a saturated aqueous solution of di-nitroso- 
resorcinol ® for from six to twenty hours, depending on the depth of the counter- 
stain desired (If an alcoholic solution is desired use a 3 per cent concentration 
in 50 per cent alcohol ) 

4 Wash in water or dilute alcohol 

5 Run through graded alcohols, carboxylol and xylol as usual 

6 Mount in balsam 

The sections appear brilliant, sharp dark green against a rich brown 
background The cellular outline is clear, and the pigment granules 
do not fade to brownish red as m old slides stained with prussian blue 
Slides which I stained in February 1930, over five years ago, still 
retain their pristine brilliance, sections stained at the same time with 
Prussian blue from a block in the same series have a faded and unsat- 


3 Meyer, V , and Jacobsen, P Lehrbuch der orgamschen Chemie, Berlin, 
W de Gruyter & Co , 1902, vol 2, p 464 

4 Fitz Ber d deutsch chem Gesellsch 8 631, 1875, quoted by Orndorff 
and Nichols ^ 

5 Di-mtroresorcinol used in this method was obtained from the Division of 
Organic Chemicals of the Eastman Kodak Co , Rochester, N Y 
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isfactoiy appeal ance If the usual red counterstain is desired, the 
time given the thud step in the process can be deci eased to one hour 
or less 

The method outlined compaies m specificity and sensitivity with 
any of the oldei methods, and unless speed is essential the counter- 
stain will be found satisfactory Except foi the dip in the sensitizing 
sulphide, the piocess is reduced to one stage The peimanence of the 
stain, m contiast to that olitained by the contemporary methods in 
vogue, should variant its use if the slides are to be kept for future 
ref ei ence 



General Review 


EXPERIMENTAL CHOLESTEROL ARTERIOSCLEROSIS 
AND ITS RELATIONSHIP TO HUMAN 
ARTERIOSCLEROSIS 

G LYMAN DUFF, MD, PhD 

BALTIMORE , 

{Concluded fiom page 124) 

VIII ETIOLOGY AND PATHOGENESIS OF EXPERIMENTAL CHOLESTEROL 
ARTERIOSCLEROSIS IN RABBITS 

The existing information concerning experimental cholesterol arterio- 
sclerosis has been outlined in the survey of the literature presented in 
the preceding sections of this paper More information on many points 
could be desired, and it is evident that a number of ideas which have 
found acceptance m certain quarters lack the substantiation of thorough 
experimental proof Nevertheless, the evidence which may be regarded 
as reasonably well established is sufficient to serve as a basis for some 
deductions as to the etiology and pathogenesis of this experimental 
disease 

It_will.be recalled that _it has been po^ible only m rabbits and guinea- 
pigs to show jLt all clearly that cholesterol feeding is capable of producing 
lesions m the arteries So far as guinea-pigs are concerned, not much 
more than this is known It is true that the arterial lesions which 
develop in guinea-pigs following the prolonged feeding of cholesterol- 
rich diets are similar to those found in rabbits treated in the same way, 
and it might be inferred from this fact that the manner of development 
of the lesions is practically identical in the two species of animals 
However, so little is known concerning experimental cholesterol arterio- 
sclerosis m guinea-pigs that nothing would be gamed at present through 
an attempt to discuss the pathogenesis of the disease in these animals 
Accordingly, this subject will be excluded from further consideration 
here, and the following discussion will be limited to the etiology and 
pathogenesis of expenmental cholesterol arteriosclerosis in rabbits 
Before the importance of cholesterol m the diet was recognized, 
the earlier investigators = thought that the fatty arterial lesions which 
they had produced in rabbits were the result of a “fatty degeneration” 
of the arteries due to the toxic effects of the animal proteins in the diets 


{z) 47, 65, 66, 147, 148 
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which they had used, and to the action of ceitam “mechanical” factors 
Later, the production of similar lesions by the feeding of cholesterol 
alone or of cholesterol m oil showed that the proteins were not of essen- 
tial importance, and attention was shifted to the role of cholesterol in 
the etiology and pathogenesis of the arterial lesions It was soon 
realized that all of the hpoid material which appeared m the walls of the 
aiteries could not arise from the local breakdown of tissue, and it became 
necessary to account for its arrival from elsewhere 

The possibility was suggested that the progiessive deposition of 
doubly refractive lipoids in the liver, spleen. Iione marrow, supraienal 
cortex and other tissues and finally the appearance of lipoids m the walls 
of the arteries represented a senes of compensatoiy piocesses designed 
to relieve the blood stream of an excessive load of cholesterol which 
could not be handled adequately by the excietoiy appaiatus ‘ This 
explanation has not been accepted widely because it neglects the fact 
that the deposits of cholesterol m the animal body occui m two distinct 
wa)'S The Iipdids which appear m the cells of the suprarenal cortex 
and of the liver and m the cells of the leticulo-endothehal system seem 
to be taken up by these cells directly from the blood stream But 
another kind of deposit occurs in which the lipoids are first precipitated 
in relation to the intercellular ground substance of tissues and maj then 
be taken up secondarily by cells which subsequent!} are stirred into 
activity These two processes are essentially different The fiist repre- 
sents a normal function which is exaggerated under the conditions of 
the experiments So far as it assists in reducing the le^el of the blood 
cholesterol by temporary storage or otheiwise, it ma} be considered as 
compensatory However, the deposition of cholesterol and of other 
lipoids m intercellular materials is a very diffeient process, not acting 
under normal conditions and not to he legaided as compensatory, but 
rather as definitely pathologic It is this process which must be 
explained to account for the appearance of fatty deposits in the arteries 
of cholesterol-fed rabbits 

The theory of the pathogenesis of experimental cholesterol arteiio- 
sclerosis which has found the greatest favoi is a modification of the 
so-called “infiltration” or “imbibition” theory The chief pioponents of 
this theory, as it is applied to expeiimental cholesterol arteriosclerosis, 
have been Anitschkow and his associates Anitschkow’s most recent 
statement of his views represents the epitome of all the ideas which 
he had previously expressed, and consequently only this publication need 
be drawn on for the following resume of the “infiltration” theory 

According to this theory, the lipoids which make their appeal ance in 
the arterial wall do not originate from “degeneiation” of the tissue, 


(a) 99, 100 
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but infiltrate or impregnate it from the blood stieam The wall of the 
vessel IS regarded as being pei fectly normal and unimpaired in structure 
prior to the advent of hpoid substances The subsequent proliferation 
m the intima is viewed as the result of the presence of piecipitated 
cholesterol, the piecipitation of hpoids being the primary event The 
lipoids in colloidal state enter the mtima fiom the lumen of the artery 
with the “nutritive lymph stream” which normally seeps through the 
entire thickness of the wall of the vessel and is then cairied oft by the 
lymph channels or veins of the adventitia During this slow permeation 
of the arterial wall, the “lymph,” which presumably cariies an increased 
concentration of lipoids, has to penetrate the ground substance and the 
latter accoidingly becomes impregnated with fatty substances The 
cholesterol and associated lipoids undergo “flocculent precipitation” dur- 
ing this slow passage, and they appear m the ground substance as 
stainable particles In explaining the precipitation of the lipoids, great 
importance is attached to the normal physicochemical properties of the 
ground substance and to the slowness with which the “lymph” peimeates 
the arterial wall The usual preponderance of lipoid deposit in the 
intima is accounted for by the resistance offered to the onflow of the 
“nutritive lymph stream” by the internal elastic lamina The conse- 
quent slowing of the “lymph” stream is supposed to favor the precipi- 
tation of lipoids which therefore appear first and most abundantly in 
the intima 


(a^) In speaking of the pathogenesis of human arteriosclerosis, Rosenthal 
(Arch Path 18 660, 1934) recently added to the infiltration theory as here stated 
a further elaboration, the essential ideas of which are contained in the following 
quotation "The serum of the blood stream infiltrating through the inner two 
thirds of the aorta may show a hindering of its lipoids at the elastic barriers 
With contraction of the vessel m diastole there is an expression of this substance 
The lipoid deposit is dependent on the disproportion of the infiltration over 
expression under normal conditions It is for this reason that muscular arteries, 
which have markedly developed internal elastic membranes that contract more 
vigorously than the other constituent parts of the vessel, express the lipoids more 
efficiently ” In this highly theoretical statement, there is an unfortunate confusion 
between the infiltrating, lipoid-contaming fluid, on the one hand, and the lipoids 
which may be precipitated from it in the form of a deposit, on the other The 
fundamental question of the actual cause of the deposition or precipitation of lipoids 
from the colloidal state in which they exist in the infiltrating fluid is not touched 
on The hypothetical failure of diastolic recoil to force infiltrating fluid out of 
the arterial wall could lead only to edema of the tissue, and so long as the hpoids 
remained m colloidal suspension they could not accumulate in one place The 
precipitation of hpoids remains entirely unexplained As to the “expression” of 
hpoids when once they have been precipitated in the form of a deposit, the idea 
that the mere mechanical pressure exerted by the diastolic contraction of any 
artery could remove the hpoids by forcing them back into the blood stream or back 
into solution in the tissue fluid seems positivelv fantastic 
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From all of this, it is obvious that only one deviation from the nor- 
mal condition is conceived as a necessary factor in the precipitation of 
lipoids, namely, an increased concentration of lipoids in the “nutritive 
lymph stream,” a condition which presumably follows as a result of the 
hypeihpemia occasioned by cholesterol feeding Up to this point, how- 
ever, no explanation has been offered to account for the patchy distri- 
bution of the fatty deposits If the function of the “nutritive lymph 
stream” is to nourish the inner layers of the wall of the vessel, it must 
peimeate all parts of the intimal surface, and therefore Iipoid deposits 
should occur diffusely ovei the whole extent of the artery This diffi- 
culty has been obviated by the postulation of normal local differences 
in the permeability of the arterial walls Support for this idea has been 
sought m some experimental work which may be mentioned briefly 

The conception of the normal flow of colloid-containing fluid from 
the lumen of the vessel into its walls is based on observations on the 
behavior of colloidal dyes, such as trypan blue, when they are introduced 
into the blood stream ^ Shortl}' after tr3'^pan blue is injected, the walls 
of the arteries become stained In the aorta, certain areas are stained 
more deeply than the remaining parts, and these areas correspond fairly 
well with the localities m which fatty deposits occur most frequently 
in experimental cholesterol arteriosclerosis Anitschkow believes that 
most of the dye enters the wall of the aorta from its lumen, and that 
the lining endothelium of the aorta is just as permeable to colloids as 
aie the capillaries The more deeply stained areas aie interpreted as 
indicating localities m which the outflow of the “nutritive lymph stream” 
from the lumen is normally more pronounced than elsewhere The 
moie abundant flow of hpoid-containing “lymph” through such local 
areas is offered as an explanation of the corresponding localization of 
fatty deposits m the aortas of cholesterol-fed rabbits,'^ although such an 
explanation is entirely inconsistent with the conception that the slowness 
a flow of the centiifugal “lymph” stream is of importance in the pre- 
cipitation of lipoids 

I have repeated these experiments with the staining of the arteries 
of rabbits by the intiavenous injection of trypan blue,** and the results 
show clearly that, although the lining endothelium of the aorta is 
slightly peimeable to the dye, it is not nearly so permeable as are the 
vasa vasorum Furthermore, the permeability of the aortic lining is 
everywhere uniform The more deeply stained areas seen on the intimal 
surface of the aorta aie due to the escape of dye from the capillaries 
of the vasa vasorum, which have been shown by Robertson to be 
much more abundant in these localities The trypan blue deposited in 
the adventitia and outer layers of the media is visible on the intimal 

(b) 10, 12, 55, 57, 83, 115, 120 

(c) 55, 57, 115 
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surface because of the thinness and translucency of the rabbit’s aorta 
This fact apparently has led to the mistaken idea that the dye had 
entered from the intimal side 

These observations preclude the possibility of explaining the localized 
character of the lesions of experimental cholesterol arteriosclerosis on 
the basis of the “infiltration” theory as it is stated by Anitschkow This 
fact, m turn, throws serious doubts on the adequacy of the explanation 
offered for the precipitation of lipoids in the arterial walls, an expla- 
nation which in itself is far from convincing An increased concen- 
tration of lipoids in the “nutritive lymph stream” seems insufficient to 
account for the precipitation of lipoids in certain localized areas which 
show no normal differences from other comparable areas where lipoid 
deposits do not occur For these and other reasons I feel that the 
“infiltration” theory, as it stands, does not provide a completely satis- 
factory explanation of the development of experimental cholesterol 
arteriosclerosis I agree that the lipoids which appear in the arterial 
walls accumulate in such large quantities that they could not arise from 
local destruction of tissue Chemical analyses to verify this point are 
not available, but it is so obvious that it is accepted as a fact by almost 
every one It is not doubted, then, that the hpoids come from elsewhere 
to be deposited in the intercellular ground substance of the walls of the 
vessels However, the conditions which bring about the precipitation of 
extraneous lipoids in the walls of arteries are not by any means clear 
It seems worth while, therefore, to reconsider this aspect of the 
pathogenesis of experimental cholesterol arteriosclerosis 

If the lipoids which accumulate in the arterial walls come from 
elsewhere, they must be brought by way of the blood stream From the 
experiments with colloidal dyes already mentioned, it seems clear that col- 
loid-containing fluid derived from the blood plasma normally permeates 
the tissues of the wall of the vessel, partly from the lumen of the vessel 
and partly from the vasa vasorum This fluid which serves the nutri- 
tional requirements of the tissues of the artery must be the immediate 
source of the hpoids which accumulate in the wall of the vessel How- 
ever, cholesterol and other hpoids are normally present in the rabbit’s 
plasma, and presumably the nutritive tissue fluid contains a proportional 
amount of hpoids, but lipoid deposits do not occur in the arteries of 
rabbits fed on normal diets, not even when local injuries to the wall of 
a vessel are produced which are known to favor the deposition of hpoids 
It follows, therefore, that some change in the character of the nutritive 
fluid which permeates the wall of the vessel must occur before the depo- 
sition of hpoids becomes possible 

Information as to the nature of this change in the character of the 
nutritive fluid should be forthcoming from the data concerning the 
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development of experimental cholesterol artenoscleiosis Cholesterol 
feeding is the one factoi which is known definitely to be essential to the 
pioduction of the hpoid deposits in the arteiies The consequences of 
cholesteiol feeding theiefoie, meiit first consideration Following the 
ingestion of cholesteiol, hypeicholesteiemia appears But it is not so 
much dependent on an inciease of free cholesteiol m the blood as on an 
elevation of the esteis of cholesteiol with fatty acids, and, moie than a 
simple hypercholesteiemia, there is a geneial hyperlipemia Withjhese 
facts 111 view, there ^eems to be no good reason for focusing attention on 
the hypercholestei emia alone, especiall}' since it is veil known that the 
stability of cholesteiol in solution depends to a gieat extent on the con- 
centiation of the othei lipoids wdiich are associated wnth it How^eier, 
almost all of the aiailable data aie concerned only wnth the cholesteiol 
content of the blood so that one is foiced to lefer repeatedly to h}per- 
cholestei emia as though it weie the only change m the blood wdiich is 
woithy of consideiation Lack of more complete information is the onl} 
reason for doing so 

The assumption has ahcady been made that some dcgiee of hyper- 
cholesteremia is necessaiy to the development of experimental cho- 
lesterol arteiiosclerosis in labbits (section VI h) It is not knowm that 
this IS the onl}'’ necessaiy change m the blood, but granting that hypei- 
cholesteremia is essential, a variety of w^ays in wdiich it could exert an 
influence may be imagined One almost certain consequence of hyper- 
cholesteremia, and of the hyperlipemia which probably always accom- 
panies it, IS an increase m the hpoid content of the nutritive fluid wdiich 
peimeates the w^alls of vessels The nutiitive fluid iiia} be altered in 
other w’’ays as well, but nothing has been sought oi studied m the blood 
except the Iqioids, so that an increased concentration of lipoids in the 
nutritive fluid is the only specific alteration wdiich can be assumed wnth 
confidence Foi the present, then, one must be satisfied wuth this as 
fulfilling the theoretical requiiement that a change m the character of 
the fluid wdiich permeates the arterial w'alls must occur before the 
deposition of Iqioids become possible In any event, it is obvious that 
following the feeding of sufficient quantities of cholesterol, the general 
conditions in the blood and secondarily in the nutritive fluid of the 
walls of vessels aie suitable for the formation of hpoid deposits in the 
walls of the arteries 

Now, since the lesion s of ex per imental ^cholesterol arteriosclerosis 
areTocaTandnotdiffuse, it is self-evident that the conditions in the wall 
of the artery at "the sites where lipoids are deposited are different from 
those which obtain in the parts of the same artery where no hpoid 
deposits occur The conditions which exist at the sites of hpoid deposi- 
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tion and which do not exist elsewhere must constitute the immediate 
cause of the precipitation of lipoids in those areas, and it is equally 
obvious that these conditions must exist before any precipitation takes 
place It IS important to inquiie into the nature of these local condi- 
tions in the arterial wall which are responsible for the precipitation of 
hpoids from the colloidal state in which they entei the wall of the vessel 
with the nutritive fluid Foi the sake of convenience these, conditions 
will be referred to as the “local precipitating conditions ” 

"" It IS conceivable that the local precipitating conditions exist 
normally in normal arteiies, but this seems most impiobable The idea 
that the permeability of the endothelial lining of the aoita is normally 
greater in certain areas than in others is based on what seems to be a 
misinterpretation of the results of experiments with colloidal dyes 
Careful repetition of these experiments ** indicates that the lining of the 
aorta, as might be expected, is everywhere equally peimeable to the dye 
Indeed, it is difficult to imagine the existence of local precipitating condi- 
tions in normal arteries, especially since these conditions must exist only 
in certain local areas and not in otheis In the aorta, for example, one 
would have to assume that the local precipitating conditions were present 
normally in certain areas, while m adjacent comparable aieas they were 
not If only the regions around the mouths of branching aiteries became 
the sites of hpoid deposits, one could believe that the unique conditions 
existing there might be sufficient to deteimine the deposition of hpoids 
in those areas and not elsewhere, but actually, localized hpoid deposits 
can develop almost anywhere m the aorta and the pattern of distiibution 
of the lesions is never twice exactly the same In fact, the progressive 
appearance of increasing numbers of localized lesions in the arteries 
during the course of cholesterol feeding experiments gives clear indi- 
cation that the local precipitating conditions in the walls of the vessels 
develop progressively after the experiment has been commenced The 
appeal ance of the first patch of hpoid deposit shows that the general 
conditions in the blood, etc , are suitable for the precipitation of hpoids 
m the arterial walls, and yet the other localized fatty lesions which 
develop subsequently make their appearance one by one as the experi- 
ment continues, deposition of hpoids commencing m each new aiea only 
aftei the appropriate local precipitating conditions have been established 
These partly theoretical considerations aie verified by the actual 
observation of histologic changes m the arterial walls which develop 
during the course of cholesterol feeding experiments and which evi- 
dently piecede the deposition of hpoids In the intima, thegiound 
sulDstance'^becomes swollen so that the subendothelial layer is distinctly 
thicker than usual The pieliminary changes in the media are more 
conspicuous, consisting of focal necrosis and dissolution of muscle fibers 
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so that only a lathei cloudy or flocculent ground substance lemams In 
both the intuna and the media the alteied ground substance subsequently 
becomes impiegnated with stainable lipoid particles The preliminary 
histologic changes are appai ently the visible expi ession of the development 
of the local conditions in the arterial wall which constitute the immedi- 
ate cause of the piecipitation of hpoids It is impossible to say what 
invisible changes m conditions may accompany the Msible alteiations 
and consequent!}'- the exact manner in which the piecipitation of hpoids 
is bi ought about cannot be specified It is evident that the intercellular 
ground substance is altered m some way Probably there is a change 
m Its physicochemical stale, a change perhaps akin to coagulation 
Whether this alteiation in itself is sufficient to explain the lesults is not 
known, it seems that it may well be In any case, the sum total of the 
local change m conditions confeis on the altered giound substance the 
property of accumulating piecipitaled hpoids from the nutritue fluid 
which peimeates the walls of the vessels 

It seems evident that the preliminaiy local changes in the arterial 
walls aie due to some kind of injury This is especially obvious in the 
initial alterations m the media wheie there is actual necrosis of muscle 
fibeis It can be infened from this that the associated changes m the 
mtima are likewise due to injury This conclusion receives the strongest 
sort of support from the evidence advanced m section VI / of this paper, 
and it is entirely consistent with every known fact concerning expen- 
mental cholesterol aiteriosclerosis in labbits However, it is impossible 
at present to specify the cause of the aiterial injuiy This should be 
in no way surprising since the role of the primary injurj to the arteries 
has never been emphasized previously, and the problem of its cause 
remains practically untouched Evidently some unsuspected factor con- 
nected with the feeding of cholesterol is injurious to the rabbit’s arteiies, 
which are well known to be extremely susceptible to noxious agents of 
many kinds I have pointed out that the preparations of supposedly 
pure cholesterol which have been used in the past were probably not 
composed of a single sterol but almost certainly contained ergosterol 
and possibly other steiols, which might well have a damaging eftect on 
the arteries of rabbits even though present in the diet in i datively small 
quantities Perhaps the feeding of large amounts of cholesterol and oil 
entails some other depai ture from a normal adequate diet Possibly the 
hyperlipemia, which is often excessive, upsets the general metabolism 
sufficiently to effect an injuiy to the arteries Danisch suggested that 
nervous influences aie of importance, but the cause of the arterial injury 
IS leally quite unknown and urgently requiies investigation However, 
this problem being left unsolved foi the present, the fact remains that 
a prii fiary~injury to”the”artenal walls occuis and plays an essential part 
m the development of experimental cholesterol arteriosclerosis 
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From all that has been said, it seems clear that the occunence of 
localized~Ti^id~ deposits m the walls of arteries is dependent on the 
coexistence of two sets of conditions On e set in cludes th^con^ditions 
which must obtain in the blood and secondarily m the nutritive fluid 
which perineates the walls of the vessels These may be called the 
generaf conditions The second set comprises those conditions which 
must exist locally in the walls of the arteries at the sites where lipoid 
deposits are to occur These may be called the local conditions When 
both the local and the general conditions are suitable, hpoid deposits will 
develop It seems probable that neither set of conditions exists nor- 
mally m the rabbit It has been assumed that hypercholesteremia with 
a consequent increase in the lipoid content of the nutritive fluid is one 
of the necessary general conditions In any event, no other general 
conditions have been recognized The appropriate local conditions follow 
as the result of some sort of injury to the arterial walls An alteration 
in the state of the intercellular ground substance of the vessel wall, due to 
the arterial injury, can be regarded as one of the necessary local condi- 
tions No other local conditions have been recognized specifically 
Since both of the recognized factors — ^liypeicholesteremia and injury 
to the arteries — are conceived as being necessary to the development 
of experimental cholesterol arteriosclerosis in rabbits, it follows that 
either factor existing alone will be ineffective m producing the fatty 
lesions m the arteries It is well known that the lesions produced in 
the arteries of rabbits by various kinds of injury (e 'g , cauterization, 
injections of epinephrine or nicotine, etc ) always remain practically 
free from stainable fat so long as the blood lipoids are at normal levels 
It IS also clear that hypercholesteremia of marked degree can follow 
cholesterol feeding in rabbits without producing any lesions m the 
arteries This fact has been pointed out already in section VI b of this 
paper Moreover, it has been shown in section VI f that the geneial 
conditions in the blood may be suitable for the development of hpoid 
deposits in the arterial walls without the occurrence of any such deposits 
m normal parts of the arteries In the same place it was pointed out 
that the most abundant accumulations of lipoids develop when the feed- 
ing of cholesterol is supplemented by other procedures which injure 
the arteries more rapidly and severely All of these facts confirm the 
general conceptions set forth in the preceding paragraph 

When the precipitation of lipoids in the aiterial walls has been 
accounted foi, the furthei development of the lesions of experimental 
cholesterol arteriosclerosis follows natuially enough The increasing 
abundance of the lipoids in the arterial lesions evidently depends on the 
continued action of the factois which are responsible for the initiation 
of hpoid deposition Evidence of the continuation of injury to the 
arteries can be found in the progressive destruction of muscle and 
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elastic tissue m the miiei layers of the media In the intima, howe\er. 
all else is masked by the density of the hpoid deposits and b} the cellulai 
proliferation which follows The piohfeiative response is generally 
regarded as a duect lesult of the presence of precipitated lipoids in the 
mtima, special emphasis being laid on the presence of cholesterol esteis 
Such a relationship is obvious in the case of the macrophages which 
appear in the intima and take up the lipoids with such avidit) It seems 
piobable, too. that the piescnce of lipoids can stimulate the proliferation 
of fibrous connectne tissue cells, but the eftect of the primaiy injury 
m producing a reparatue leaction cannot be disiegaidcd Ne\ertheless, 
all that can be said is that the local injury to the wall of the vessel w'hich 
leads to the piecipitation of lipoids, together with the presence of the 
lipoids themselves, results in a piolifcration of fibrous connectne tissue 
cells m the mtima With the increase m thickness of the mtima and 
wnth the appeaiance of neciosis in its dee})er la)cis, the wdiole process 
becomes so complicated that it is impossible to analyze with an) chance 
of accuracy the role of individual factors 

In accordance wuth the discussion piesented m the foregoing pages, 
the pathogenesis of expeiimental cholcsteiol arteriosclerosis m rabbits 
may be summarized as follow's Cholesterol feeding produces general 
alterations m the blood and secondarily m the nutritive fluid wdiich 
peimeates the w^alls of the aiteiies Among these changes, hyper- 
cholesteremia and an inci eased concentration of lipoids m the nutritive 
fluid are the only ones wdiich have been lecogni/ed up to the present 
time as being of importance m the foimation of lipoid deposits in the 
arteiial w'alls In addition to these general changes, some unknowm 
factor inherent m the experimental procedure of cholesterol feeding pro- 
duces an injury to the w'alls of the arteries This injury is responsible 
foi the local histologic changes m the w'alls of the vessels w'hich precede 
the appearance of hpoid deposits In the presence of the aj^propriate 
geneial conditions m the blood and nutiitive fluid, lij)oids are precipi- 
tated fiom the latter m the mjuied areas of the aiteiial w'alls through 
the influence of the special local conditions which exist m such areas 
The existence of these local conditions is essential to the piecipitation of 
lipoids, and consequently lipoid deposits do not develop in the lemain- 
ing normal parts of the arteries The subsequent development of the 
arterial lesions depends on the continued action of the factors which 
aie responsible for their initiation How^ever, the presence of precipi- 
tated lipoids in the arterial walls constitutes another impoitant local 
factor, which, together with the original local injury, leads to the subse- 
quent cellular proliferation m the mtima Beyond this point, the devel- 
opment of experimental cholesterol arteiiosclerosis is not capable of 
accurate analysis 
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IX ANATOMIC COMPARISON OF EXPERIMENTAL CHOLESTEROL 
ARTERIOSCLEROSIS AND HUMAN ARTERIOSCLEROSIS 

From the description of the lesions of experimental cholesteiol 
arteriosclerosis m rabbits which has been given m section IV of this 
paper, it is obvious that there are certain points of resemblance between 
them and the lesions of arteriosclerosis m man, b^ it is eq uallv_ob.vious, 
that there are _a_number of differences between the two The gross 
appearfahce of the individual lesions m the arteries of the expeiimental 
animal is not unlike that of certain lesions of human arteiiosclerosis and 
in some respects their distribution is similar The experimental arteiial 
lesions frequently involve areas about the mouths of branching arteiies, 
in much the same way as m human arteriosclerosis Anitschkow and 
others have pointed out that the localization of the early lesions of 
experimental cholesterol arteriosclerosis in the aorta shows the closest 
correspondence with the distribution of the minute lipoid flecks found 
in the aortas of childien, but whether or not the latter lepresent the 
initial stage of human arteriosclerosis is, of course, another question 
On the other hand, the lesions m the rabbit’s aorta tend to become most 
advanced in the arch, while m man it is a common observation that 
arteriosclerosis usually reaches its greatest severity m the abdominal 
portion of the aorta In the rabbit, the pulmonary arteiy and its 
branches are affected to a degree proportional to the severity of the 
lesions in the aorta, while in man it is well known that the pulmonary 
artery is usually spared even m the presence of advanced arteriosclerosis 
in the aorta and elsewhere In experimental cholesterol artenoscleiosis, 
the renal arteries are affected rather infrequently, but perhaps the 
most striking divergence from the dptnhution of artenoscleiosis in 
miaTrrsH;crl5e“fouhd~in the fact that the cerebraLand letinal arteries are 
never involved in experimental cholesterol arteiiosclerosis 

Microscopically, no compaiison can be drawn between the veiy early 
stages of the arterial lesions in the rabbit and m the human being foi the 
reason that in the latter there is still no general agreement as to what may 
constitute the earliest change Howei'^er, the slightly more advanced 
lesions of experimental cholesterol arteriosclerosis exhibit a number of 
points of similarity to certain lesions of human arteriosclerosis There 
is a localized thickening of the intima m which doubl}'^ refractive and 
other lipoids are present m extraordinary quantities Large fat-contam- 
ing macrophages or foam cells aie present m abundance, and there is 
some proliferation of fibrous connective tissue cells The lipoids are 
found within cells and densely strewn through the intercellular ground 
substance, although they are not concentrated along elastic fibrils in the 
Ultima as they so frequently are in human arteries Among the lipoids, 
cholesterol and its esters seem to be present m greatest abundance as in 
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human aitenosderosis An even closei lesemblance to arlcriosdeiosis 
m man is found m the moie matuic aitenal lesions which de\elop in 
rabbits after a long period of cholesteiol feeding follow^ed by a longer 
period duimg wdiich cholesterol is wuthhcld fiom the diet In such 
lesions, lipoids aie not so abundant, foam cells are present m much 
smallei numbers, and the mtimal thickening is piedominantly fibrous 
Altogether, then, the lesions m the arteries, so far as the changes in 
the Ultima aie concerned, simulate veiy closcl) the lesions of human 
arteiiosdeiosis How'ever, the same statement cannot be made when the 
lesions in the media arc taken into consideration 

In rabbits, following cholesteiol feeding anisotropic hpoid deposits 
sometimes appear m the inner layers of the media before there is any 
visible change in the or ci lying intima, or the) ma\ appear at a very 
early stage in the development of the mtimal lesions Lipoid deposits 
in the media have never been described as a feature of the early stages 
of the derelopment of artei losderosis m man When hpoid deposits 
m the media occur in human arteriosclerosis, they aie found beneath 
w'ell developed mtimal plaques Moieorci, the lipoids appear first 
betw'een the muscle fibers and the adjacent elastic laminae, both of 
wdiich lemain intact for a considerable time afterw-ard In the rabbit, 
on the othei hand, the appearance of the anisotropic lipoids in the 
media follow's destiuction and disappeaiance of muscle and elastic 
tissue So far as the histologic changes in the media are concerned, 
therefore, the arterial lesions of experimental cholesterol arteriosclerosis 
do not correspond at all closely wuth those of arteriosclerosis as it occurs 
in man This fact may account for the apparent reluctance of some 
investigators to describe specifically the condition of the media in experi- 
mental cholesterol arteriosclerosis, and may explain their preference for 
noncommittal descriptions of the arterial lesions in which repeated 
references are made, not to the intima or media, but to “the inner 
layers of the arterial wall ” 

In addition to the lesions in the aiteries, the associated changes in 
other tissues which occur during the development of experimental cho- 
lesterol arteiiosdeiosis must be taken into consideration It has been 
mentioned alieady that in the usual course of cholesteiol feeding in the 
rabbit there is bi ought about an accumulation of anisotropic lipoids in 
vaiious situations other than the walls of aitenes® Lipoids accumulate 
in the cells of the suprarenal cortex, in the liver cells and ihTthe reticulo- 
endothelial cells of the liver, spleen, lymph nodes and bone marrow' 
These hpoid accumulations appeal before any changes are to be found 

(d) 136, 175, 182 See also the chemical analyses of the lipoids contained in 
arteriosclerotic lesions of the human aorta reported recently by Meeker and Jobling 
(Arch Path 18 252, 1934) 

(c) 34, 135, 165, 189 
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in the artenes,_and they peisist as long as cholesteiol feeding is con- 
tinuedrr5his~phenomenon has no counteip^_m arteriosclerosis in man 
There are ^lose who claim that there is an unusual abundance of lipoids 
in the suprarenal cortex m association with human arteriosclerosis, but 
this is open to doubt and certainly has never been satisfactorily estab- 
lished On the other hand, it is admitted by all that no abnormal 
accumulation of doubly refractive lipoids in the cells of the reticulo- 
endothelial system or in the liver cells occurs in association with human 
arteiiosclerosis Attempts have been made to minimize this discrepancy 
on the ground that experiments can be so arranged as to avoid the accu- 
mulation of such excessive amounts of lipoids in the reticulo-endothehal 
cells during the development of lesions m the arteries This can be 
accomplished by feeding very small quantities of cholesterol over a 
period of several years, but even under these conditions there are found 
relatively slight but definitely abnormal lipoid accumulations m the cells 
of the reticulo-endothehal system " Lipoids may disappear almost com- 
pletely from the reticulo-endothehal cells if cholesterol feeding is dis- 
continued after arterial lesions have been produced, and if a long period 
of time is then allowed to elapse before the experiment is terminated 
However, one can feel perfectly certain that the reticulo-endothehal cells 
were laden with anisotropic lipoids during the period when the arterial 
lesions were developing, a condition which is not observed as an accom- 
paniment of the development of arteriosclerosis in man 

The lipoid deposits which may appear in the rabbit’s cornea as a 
result of cholesterol feeding have been described by Verse and others 
as the analog of the arcus senilis in man However, the arcus senilis 
does not occur with great regularity in association with human arterio- 
sclerosis, as the name implies, it is generally associated with old age 
rather than with arteriosclerosis as such Accumulations of anisotropic 
lipoids in the interstitial tissue of the kidneys occur in connection with 
experimental cholesterol arteriosclerosis These lesions, which have 
been described m detail by Bailey and Schonheimer,^^® develop in the 
absence of any changes in the renal arteries which, as has been pointed 
out, are seldom affected m the experimental disease It is evident that 
no similar lesions in the kidneys are associated with arteriosclerosis in 
man Deposits of doubly refractive lipoids have been described as 
occurring in various other tissues of rabbits m which experimental cho- 
lesterol arteriosclerosis has been produced Such deposits have been 
found m the skin, subcutaneous tissue and tendons and in the mucosa 
and submucosa of the gallbladder, bile ducts, stomach and intestine^ 
Although careful search, perhaps, has not been made in human cases, 
similar accumulations of anisotropic lipoids have never been described 
as a regular accompaniment of aiterioscleiosis in man 


(/) 34 , 135 , 165 , 189 
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The obvious pin pose of chawing a compaiison between the anatomic 
lesions of expeiimental cholesteiol arteriosclerosis and those of human 
aiteiiosclerosis is to cleteimine whether oi not the experimental disease 
can be consideied fiom the anatomic point of view as a reproduction of 
arteiiosclerosis as it occuis in human beings Enough has been said 
already to show that the aiterioscleiosis pioduced experimentally in 
rabbits by cholesterol feeding is not anatomicall} identical with human 
aiteriosclerosis The similaiit} between the arterial lesions in the tw’o 
instances is ver) striking and there need be no hesitation in stating that 
expeiimental cholesterol aiteiioscleiosis resembles aiteiiosclerosis in 
man more closely than any experimental lesions of arteries wdiich ha^e 
yet been pioduced b} pioccdures other than cholesterol feeding 
Nevertheless, the diflercnces must be taken into account 

It IS contended by some that the explanation of these difterences lies 
111 the 1101 mal anatomic dilleiences between the labbit and man, such, for 
example, as exists in the struetuie of the mtmia of the aorta But w^ho 
can say how' much should be allow'cd foi such difterences m anatomic 
structure^ It is concenable that the difteiences betw'een the arterial 
lesions 111 the tw'o instances ma} be explained on this basis How’^ever, 
one can say only that this explanation is possibly eoirect or perhaps 
coriect 111 part, but not necessaiily so The accumulations of anisotropic 
lipoids 111 various situations othei than the aiteiies in experimental cho- 
lesterol aiteiiosclerosis, which do not occur m coniKCtion wutli human 
arterioscleiosis, seem inexplicable on the giounds of anatomic differ- 
ences Lesions similai to those observed in cholesteiol-fed labbits (e g 
xanthomas of the skin and inteiiial parts and ovei loading of the leticulo- 
endothehal system with vaiious lipoids) aie encounteied on occasion m 
the field of human pathology , ^ it is clear that such lesions can develop 
in the human body, but the} do not occui in any close or constant associ- 
ation with aiteiioscleiosis The close association of extra-arteiial lipoid 
accumulations wnth aiteiiosclerosis is a feature peculiai to the experi- 
mental disease 

Altogether, it seems that the anatomic picture of expeiimental cho- 
lesterol arterioscleiosis in labbits show'-s piedominantly a satin ation of 
the whole bod}^ ivith lipoids These accumulate in excessive quantities 
in the cells of the liver, supiarenal cortex and i eticulo-endothehal system 
and, in addition, they aie piecipitated in the mtercellulai substance of 
various tissues wheievei the local conditions are suitable, wdiether in the 
aiteries or elsewheie On the othei hand, the wdiole anatomic picture 
of human arteiioscleiosis exhibits a piocess m wdiich the idle of the 
lipoids IS confined almost exclusn’^ely to then much less conspicuous 
accumulation m the arteiial lesions All of this suggests veiy strongly 
that the part played by the lipoids in the development of aiteiiosclerosis. 


(^ 7 ) 70 , 165 
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whatever that part may be, is greatly exaggerated in experimental cho- 
lesterol arterioscleiosis as compared with aitenosclerosis in man Recog- 
nition of this general difference is of essential importance to a coirect 
interpretation of the significance of the expeiimental data 

The only definite conclusion which can be diawn fiom an anatomic 
comparison of experimental cholesterol arterioscleiosis with human 
arteriosclerosis is that the two are not completely identical An exact 
evaluation of the importance of the differences will not be attempted, 
on this point there can be no final judgment at piesent Certainly one is 
not justified m taking such an insecure position as that of Anitschkow, 
who sweeps aside all differences with the meie statement that “none of 
these differences is of an essential natuie ’’ One can pioceed fuither 
only on the ground that the anatomic similarity between experimental 
cholesterol arteiiosclerosis and human arteiiosclerosis should permit one 
to expect some features of similaiity in their etiology and pathogenesis 
Nevertheless, the anatomic diffeiences between the two should be suffi- 
cient caution against the hasty conclusion that their etiology and patho- 
genesis are of necessity exactly or even neaily identical, oi that the 
etiologic factors which may be common to the experimental and human 
diseases must operate with equal intensity in both instances 

X SIGNinCANCE OF EXPERIMENTAL DATA IN RELATION TO ETIOLOGY 
AND PATHOGENESIS OF HUMAN ARTERIOSCLEROSIS 

Various factors of possible importance m the etiology of expeii- 
mental cholesterol arteriosclerosis have been considered individually m 
section VI of this paper, and the pathogenesis of experimental cho- 
lesterol arteriosclerosis in rabbits has been discussed m section VIII 
On the basis of the available experimental evidence brought forward 
in those discussions, three main factois were implicated in the produc- 
tion of the lesions m the arteries of rabbits, namely, the presence of 
considerable quantities of cholesterol in the diet, the existence of hyper- 
cholesteremia and the occurrence of injury to the arteiies To assume 
that these same three factors are all in operation m the development 
of human aiterioscleiosis, or that they operate m man in exactly the 
same way as m the rabbit, is entirely without justification, not only for 
the reasons pointed out m the foregoing section (section IX) but also 
because there are certain differences between the rabbit and man which 
have not yet been touched on and which place further obstacles in the 
path of any attempt to make a diiect application of the inferences drawn 
from the experimental data 

Some differences between the rabbit and man which are of obvious 
importance in this connection may be pointed out briefly Among these 
IS tlie fact that the rabbit is a herbivorous animal while man is omniv- 
orous Cholesterol is completely lacking in \egetable diets, although 
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phytosterol, the plant relative of cholesterol, is present in comparatively 
small amounts On the other hand, cholesterol is piesent in varying 
quantities in the normal diets of omnivorous animals Perhaps related 
to this difference in normal diet is the extreme tardiness with which 
the rabbit excretes exogenous cholesterol as compared with the rapid 
excretion of cholesterol in man This deficiency of the rabbit’s excre- 
tory apparatus selves to explain the ease with which hypercholesteremia 
and hyperlipemia can be produced in rabbits by means of cholesterol 
feeding In man, on the contrary, large quantities of cholesterol in the 
diet have only a relatively slight and temporary effect on the level of 
cholesterol in the Ijlood,’ owing apparently to the facility with which 
cholesterol is disposed of by the human mechanism Another difference 
of importance is that which exists between the normal cholesterol con- 
tent of the blood of the rabbit and that of man As may be seen from 
the data collected by Weidman and Sunderman,^*'’ the normal range of 
the blood cholesterol in rabbits, as determined by various investigators, 
is far below that found in man by corresponding methods of cholesterol 
estimation Taking the median point of the normal range in each case, 
the cholesterol content of human blood is approximately twice as great as 
that of the labbit’s blood The last difference which need be mentioned 
is of no less importance than the others The typical spontaneous arterio- 
sclerosis of rabbits shows a lack of any lipoid deposits m the arterial 
lesions Using the word “spontaneous" m the same sense, the typical 
spontaneous arteriosclerosis of man is characterired almost constantly b) 
the presence of more or less extensive accumulations of lipoids in the 
affected parts of the arteries One can hardly avoid the suspicion that 
this divergence between the respective types of spontaneous arterio- 
sclerosis may be related to the difference between the normal lipoid con- 
teut of the blood of the rabbit and that of the human being 

These differences between the rabbit and man complicate the interpre- 
tation of the experimental results and render it impossible to evaluate 
the significance of the experimental data without making careful allow 
ances for the differences which have been mentioned Such being the 
case, it IS rather surprising that any one should consider it fortunate that 
the rabbit is the animal m which the cholesterol feeding experiments 
have proved successful Nevertheless, Anitschkow has contended that 
the rabbit is an especially suitable animal for experimental investigations 
on arteriosclerosis simply because it is not subject to the spontaneous 
development of arterial lesions resembling those of human arteriosclero- 
sis Actually, this is one of the best leasons for subjecting to the closest 
possible scrutiny the inferences drawn from the experimental data 
obtained in rabbits 

(/i) 28, 135 
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In order to produce arterial lesions resembling those of human 
arteriosclerosis m an animal in which the spontaneous artenoscleiosis of 
“old age” IS of a quite different type, one must really do two distinct 
things First of all, the animal must be converted into one which is 
susceptible to the development of arterial lesions of a character quite 
foreign to it In this artificially prepared animal, a second factor or 
group of factors must then be introduced for the actual production of 
the lesions in the arteries Obviously, the second step is the only one 
that could be of any importance in relation to human arteriosclerosis 
But It happens that all of this can be accomplished m the rabbit by the 
seemingly simple procedure of feeding large quantities of cholesterol 
Now, under these conditions, it is difficult to determine from the experi- 
mental data alone what it is that converts the rabbit into a susceptible 
animal and what it is that is responsible for the actual production of 
the characteristic lesions m the arteries On the basis of the evidence 
brought forward in this paper, it seems most likely that the rabbit is 
rendered susceptible to the development of arterial lesions simulating 
those of human arteriosclerosis by the elevation of its blood cholesterol 
level, which is normally much lower than that in man and which is 
raised by cholesterol feeding The actual cause of the lesions in the 
arteries is an injury to the arterial walls which is produced by feeding 
large quantities of cholesterol or cholesterol-rich foods, but which is 
not caused directly by the resulting hypercholesteremia If all of th is 
IS true, as is probably the case, it follows that the hypercholesteremia as 
the preparatory factor has no corresponding importance in relation to 
human arteriosclerosis, but the injury as the exciting factor must be of 
the greatest significance As I shall show presently, the available evi- 
dence derived from the study of human material corresponds precisely 
with this idea 

The major difficulties m estimating the significance of expeiimental 
arteiiosclerosis produced m animals would be removed by selecting for 
experimentation an animal species which is closely related to man and 
which is naturally subject to the development of a type of spontaneous “old 
age” arteriosclerosis which resembles human arteriosclerosis as closely as 
possible The obvious aim, then, would be to produce prematurely in 
such an animal lesions of the arteries of a character corresponding with 
Its own type of spontaneous arteriosclerosis Of course, the possible 
spontaneity of the lesions supposedly produced by the experimental 
procedure would have to be excluded by the examination of adequate 
numbers of control animals So far as I am aware, successful experi- 
ments of this nature have never been reported However, if positive 
experimental results could be obtained under the conditions described, 
the significance of those results would not remain long in doubt 



276 


ARCHIVES or PATHOLOGY 


Returning to the cholesteiol feeding expenments in labbits, I wish 
to leeinpbasize the fact that the difieiences between the experimental 
animal and man, added to the anatomic difterences between expeii- 
mental cholesteiol aiteiioscleiosis and human arteriosclerosis, lender the 
problem of interpietation fai fiom simple In the past, the difficulties 
of inteipretation have nevei been gnen adequate consideiation, and 
infeiences legaiding human aitenosclerosis ha\e been drawn with the 
gieatest abandon from the cxpei imcntal data A much too enthusiastic 
and zealous faith m the validity of the expeiimental results has led 
to the blind acceptance of conclusions which ha\e been quite misleading 
The outstanding example of this fiee cxcicise of faith is the general 
belief that hypeicholesteiemia is a factoi of paramount impoitance m 
the etiology of aiteiioscleiosis m man, a belief which is based entiieh 
on the piohabihty that hypeicholesteiemia is essential to the development 
of expeiimental cholesteiol arteiiosclerosis in rabbits 

Anitschkow ^ has adioitl}' turned to achantage the difficulties of mtei- 
pietation which he is willing to lecogmzc as such He has expressed the 
belief that the unique expeiimental pioceclure, the lelatucly shoit dura- 
tion of the expenments and the difterences between the rabbit and 
man are just sufficient to explain the diftei dices betw^een the total 
pictuie of experimental cholesteiol aiteiioscleiosis and that of human 
arteriosclerosis Having offset all of these difteiences, one against 
anothei , he has pi oceeded wuth the appai ent con\ iction that the etiology 
and pathogenesis of expeiimental cholesteiol arterioscleiosis and of 
human aiterioscleiosis are essentially the same Such an assumption is 
not justified by the knowm facts Aschoff,^' on the othei hand, pointing 
especially to the diffeience m cholesteiol excretion betw'een the labbit 
and man, has made the followung comment “For this leason one should 
not attempt to apply the conclusions of expenments wuth labbits too 
freely, and then interpietation m human beings must be accepted wuth 
leserve ” This attitude of caution seems imperative if gross misinteipie- 
tations aie to be avoided 

When all of the cii cumstances are taken into consideration, it 
becomes perfectly obvious that the application of conclusions diawm 
from the experiments cannot be justified wuthout some evidence of the 
existence of comparable conditions in the human being A proper 
appreciation of the significance of the experimental lesults can be 
gained only through coi relation of the experimental data with corre- 
sponding data derived fiom the study of human mateiial Accordingly, 
it will be necessary to considei individually the principal factors involved 
in the development of experimental cholesterol aiterioscleiosis and to 
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determine whether or not there is any indication of the operation ot 
similar factors in the development of human arteriosclerosis 

(a) Cholesteiol in the Diet ~ln section VI of this paper, reasons 
have been given for the conclusion that the presence of considerable 
quantities of cholesterol in the rabbit’s diet is an essential factoi in the 
production of experimental cholesterol arteriosclerosis In the same 
section it was shown that one important result of the administration 
of cholesterol m the diet is hypercholesteremia, a condition which was 
assumed to be also an essential factor m the development of the arterial 
lesions in rabbits Is there now an)'’ reason for believing that cho- 
lesterol in the diet of human beings plays a comparable role in the 
development of human arteriosclerosis^ This question can be answered 
at once in the negative on the following grounds 

In the human being, in contrast with the rabbit, cholesterol is a nor- 
mal constituent of the diet, being contained in considerable quantities 
in eggs, milk, butter and meat The amount of cholesterol ingested 
undoubtedly varies considerably between persons, and from time to time 
m any single person, but these variations m the cholesterol content of 
the diet have never been shown to have any significant effect on the cho- 
lesterol content of the blood Furthermore, the deliberate addition of 
cholesteiol to the food of normal subjects does not produce a sustained 
hypercholesteremia , the effect on the level of cholesterol m the blood is 
relatively slight and transitory 

Now, in spite of the differences m the cholesterol content of the diets 
of different persons and of the various diets of diffeient races, it has 
never been shown that those persons or races which subsist on diets poor 
in cholesterol are by any means protected against the development of 
arteriosclerosis Nor has it been shown that those persons or races which 
develop arteriosclerosis at an earlier age oi m more severe degree than 
others are especially partial to foods which are rich in cholesterol On this 
point one may quote some remarks of Weiss and Minot,”-* who have 
reviewed the liteiatuie bearing on nutrition in relation to arteiiosclerosis 
“It cannot be stated that overnutrition with hpoid and fatty substances 
plays a idle in the production of arteriosclerosis in normal man State- 
ments that fat IS responsible for arteriosclerosis are not lacking m the 
literature, but these statements are not based on controlled observations, 
and they seem to be strongly influenced by the imbibition theoiy of arte- 
riosclerosis proposed by Virchow and amplified recently by Aschoff and 
Anitschkow Caution is necessary at this point lest we fall into the 
so often dangerously applied post hoc pi optei hoc method of reasoning ” 
As Weiss and Minot have pointed out, all of the evidence which has been 
brought forward in the attempt to demonstrate a relationship between 
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the cholesterol content of the diet and the development of arteriosclerosis 
m man is equivocal, and therefore, far fiom convincing Indeed, it 
would hardly influence an opinion not alieady prejudiced in favor of 
the idea ’ 

In considering the significance of the experimental data, the results 
of cholesterol feeding experiments in animals other than the rabbit 
cannot be overlooked It is especially important to bear in mind that 
animals such as cats and dogs which, like man, fail to show marked 
hypeicholesteremia following cholesterol feeding, do not show any 
changes in their arteries after prolonged periods of feeding on diets 
rich m cholestciol The uniform failure of all attempts to produce 
arterial lesions by this method in cats, dogs, foxes and monkeys speaks 
strongly against the idea that cholesterol m the diet is a factor of any 
importance in the etiology of human arteriosclerosis The negative 
results obtained in these animals seem more properly applicable to the 
human being than do the positive results obtained in rabbits 

The considerations set forth in the preceding paragraphs lead to the 
conclusion that the results of cholesterol feeding experiments in rabbits 
do not constitute a valid reason for believing that an excess of clio- 
lesterol m the diet plays a role m the etiology of arteriosclerosis in man 
No convincing evidence in support of such a belief exists at present 

(b) Hypocholcsfocmw — In section VI (b) of this paper it was 
pointed out that a well marked or even extreme hypercholesteremia, 
and indeed a general hyperlipemia, almost constantly precedes and 
accompanies the development of experimental cholesterol arteriosclerosis 
In the same place, the tentative conclusion was reached that some 
elevation of the blood cholesterol is necessary to the development of the 
fatty arterial lesions m rabbits The probability that this is true is sup- 
ported by certain theoretical considerations brought forward m sec- 
tion VIII, where it was also concluded that hypercholesteremia is 
effective only in the presence of local injuiy to the walls of the arteries 
These conclusions, of course, applied only to the development of expen- 
mental cholesteiol arteriosclerosis in rabbits In man, on the contrary, 
no analogous changes in the blood are found to occur m connection with 
ai tenosclerosis No change m the blood lipoids has been shown to 
exist as a sign of the impending development of arteriosclerosis in man, 
nor has any change m the lipoid content of the blood been found as a 
constant accompaniment of any stage m the progress of the disease 

It IS sometimes stated that hypercholestei emia is regularly associated 
with arteriosclerosis m man, but such statements are based on a litera- 

(0 The status of this question is not altered by the recent publication of 
Rosenthal (Arch Path 18 473, 1934) The evidence which he has advanced is of 
the same character as that adduced in the previous literature and is open to the 
same objections 
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ture much of which has no direct bearing on the question Some publi- 
cations which are frequently referred to in this connection have nothing 
to do with arteriosclerosis as such, but are concerned with vaiious other 
diseases m which hypercholesteremia is known to occur and with which 
arteriosclerosis may be associated Other reports deal with the occur- 
rence of hypercholesteremia in association with high blood pressure In 
some of these publications, cases of “essential” hypertension have been 
selected for study, but m others the clinical cases have been chosen 
with high blood pressure as the only qualification, so that diseases of the 
greatest variety have been included (even diabetes mellitus*) These 
studies of hypertension, whether m carefully selected cases or otherwise, 
have yielded the most conflicting results Some investigators have 
found hypercholesteremia in a proportion of their cases varying from 
13 to 76 per cent,™ while others have found normal blood cholesterol 
levels m practically all cases of their series " Some of these authors 
believe that hypercholesteremia causes hypei tension, some believe that 
hypertension causes hypercholesteremia, others contend that the two 
are not related Whatever may be the truth of the matter, it is obvious 
that these data prove absolutely nothing regarding the occurrence of 
hypercholesteremia in association with anatomic lesions of the arteries 

The publications which contain direct information as to the occur- 
rence of hypercholesteremia in association with human arteriosclerosis 
are relatively few Weltmann,^’'® without giving data on individual 
patients, stated that in general he had observed increased blood cho- 
lesterol in his arteriosclerotic patients, some of whom had apparently 
shown hypertension Koulkov and his collaborators made determi- 
nations of the blood cholesterol in 50 arteriosclerotic patients and found 
values above 160 mg per hundred cubic centimeters in 20 cases 
Mjassnikow observed elevation of the blood cholesterol level m 
30 cases of arteriosclerosis among the 70 which he studied He found 
hypercholesteremia most consistently in patients suffering from far 
advanced arteriosclerosis of the aorta and coronary arteries, while it 
occurred with rapidly diminishing frequency m the less severe cases 
On the other hand, Stepp could find no abnormality in the levels of 
cholesterol in the blood in cases of arteriosclerosis without hypertension 
In the cases of arteriosclerosis studied by Dems,®® the cholesterol content 
of the blood was normal regardless of the presence or absence of 
hypertension 

From all of this, one can conclude only that hypercholesteremia may 
be found in certain cases of advanced arteriosclerosis and not in others 
All of these cases are properly described as “advanced,” for 

{m) 3, 54, 122, 168, 173, 181 

(u) 58, 91, 102 
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in all instances the diagnosis of aitcriosderosis was made from clinical 
study alone, and it is obvious that aiteiioscleiosis of sufficient degree 
to be lecognized clinicalh is far past the initial stages Now% if, as 
Mjassnikow'' claimed the incidence of hypercholesteiemia is highest 
among those patients wnth the most extieme arteriosclerosis and lowest 
among those least affected, the occurrence of hyjiercholesteremia might 
more logically be regaidcd as the effect rather than the cause of arterio- 
sclerotic changes wdiich heue ahead} developed Bruger and Poin- 
dextei,-' 111 a lecent stud} of the plasma cholesterol in relation to the 
development of aitenosclerosis m obese ]iersons, reached practically 
the same conclusion How evei . one need not dw ell on this point, for the 
available data, including the results of those who seem most eager to 
demonstrate an delation of the lipoids m the blood, fail to give con- 
vincing evidence that h} percholestcremia occurs in an} thing approaching 
a close association with artei losclerosis On this question, then, a 
final conclusion may be expiessed in agreement with such disinterested 
authoiities as Buiger,-"' Gardner'* and Peters and Van Slyke,***' wdio 
are satisfied to dismiss the subject with the simple but significant state- 
ment that hypeicholesteiemia is not found with any regularit} in associ- 
ation wnth arteriosclerosis in man 

The fact that an elevation of the cholesteiol or of other lipoids in 
the blood is not found as an accompaniment of artei loscleiosis in man 
constitutes a strong aigument against the idea that such a disturbance 
of the blood lipoids is the cause of arteriosclerosis oi that it is an 
essential factoi m the de\elopment of the arterial lesions Indeed, if 
hypeicholesteremia w'eie the cause of artei lOsclerosis or an indispensable 
factor in the etiology of the disease, it would necessarily pie- 
cede the development of lesions in the arteries but this has 
nevei been showm to occur, noi is it even suggested by any recorded 
observations Actually, the only leason for suspecting hyper- 
cholesteremia as a factor in the etiology of human arteriosclerosis lies 
in the results of the cholesterol feeding expeiiments in rabbits While 
these lesults form adequate grounds for the suspicion, they do not 
and cannot form adequate grounds for the conclusion that hyper- 
cholesteremia IS necessaiy to the development of arteriosclerosis in man 
In view of the data derived from the study of human mateiial, it seems 
highly probable that arteriosclerosis in man can and usually does develop 
without deviation of the cholesterol content of the blood beyond the 
normal limits of variation In any event there is no valid evidence to 
support any other conclusion 

The apparent discrepancy betw^een the tw’^o conclusions that hyper- 
cholesteremia is an indispensable factor in the etiology of experimental 
cholesterol arteriosclerosis in the rabbit and that it is not necessary to 
the development of arteriosclerosis in man, is not by any means inexpli- 
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cable As I have pointed out, the level of cholesterol m the blood is 
normally very low in rabbits , in human beings, on the other hand, it 
IS noimally much higher Not only is cholesterol present in greater 
concentration m human plasma, but it noimally stands at a level not 
far from the point of saturation Under these conditions, it is not 
surprising that a blood cholesteiol content within the normal limits 
should suffice for the precipitation of cholesterol in the walls of human 
arteries wheievei the local conditions are favoiable for its accumulation 
In the rabbit, following cholesteiol feeding, the content of cholesteiol 
in the blood is increased greatly, often to an extreme degree This 
corresponds with another obseivation to which I have called attention, 
that the anatomic lesions of experimental cholesterol arteriosclerosis 
give deal indication of an abnormal saturation of the whole body with 
lipoids The abundance and widespread distribution of the hpoid 
deposits are out of all proportion to anything of a similar nature that 
occurs in association with human arteriosclerosis 

These facts provide a reasonable explanation foi the phenomena 
actually observed in the rabbit, and m man Thus, in the rabbit, in 
which the noimal level of cholesterol in the blood is low, there occurs 
a type of spontaneous arteriosclerosis the lesions of which are piactically 
devoid of stamable fat In the cholesterol feeding expeiiments when 
the blood lipoids are elevated, cholesterol and other lipoids aie deposited 
in abundance, not only m the lesions m the arteries but also m various 
other tissues throughout the body In man, on the contrary, the normal 
level of cholesterol in the blood is lelatively high, so that the lesions 
which develop in the aiteries may become impiegnated with lipoids 
without any change in the concentration of cholesteiol in the blood At 
the same tune, since the blood cholesterol is not elevated, there is no 
accumulation of lipoids in the cells of the reticulo-endothelial system nor 
any abnormal hpoid deposits in othei tissues Of course, it is implied 
that lipoids aie deposited m the walls of human arteiies as in the arteries 
of rabbits, only in those areas in which the local conditions have been 
rendered suitable for the precipitation of hpoids by the prior occurrence 
of local alterations in the walls of the vessels, a proposition which I 
shall presently defend This tentative scheme of the lelationship 
between experimental cholesterol artenosclerosis and human arterio- 
scleiosis brings into accoid what might otherwise appear to be con- 
flicting conceptions It is of greater impoitance that this end is 
accomplished without doing violence to the facts as they are known 
at present 

In discussing the pathogenesis of expei imental cholesterol arterio- 
scleiosis m labbits, it has been concluded that hypercholesteremia acting 
alone does not produce the experimental lesions of the arteries The 
lesions develop only when hypei cholesteremia and local injuries to the 
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walls of the arteries are combined The expei iments therefore give 
no reason for believing that hypeicholesteremia when it occurs in human 
beings can of itself produce arteriosclerosis How'ever, it might be 
supposed on the basis of the experimental evidence that hypercho- 
lesteiemia in man would accelerate the development of whatever arterio- 
sclerotic changes happened to be already in progress This supposition 
seems reasonable enough, and yet actual observation of patients in whom 
hypeicholesteremia is knowm to exist does not offer much support for 
the idea At the same time, a study of such patients provides con- 
vincing evidence to show^ that hvpercholesteremia of itself is not a cause 
of arteriosclerosis 

I am aw’^are that the high incidence of arteriosclerosis among patients 
with diabetes mellitus is frequently cited as evidence of the ability of 
hypercholesteremia to produce arteriosclerosis in man This is a disease 
in which hyperlipemia and hypercholesteremia are well known to occur, 
but It is hardly necessar) to point out that the metabolic disturbance 
in diabetes is not b}' any means confined to a disturbance of lipoid 
metabolism or to an elevation of the lipoids in the blood The well 
recognized tendency of diabetic patients to have arteriosclerosis is not 
necessarily due to the existence of hypercholesteremia Hyperglycemia, 
ketosis or the frequent occuirence of infections in association wuth dia- 
betes could just as well be held responsible Moreover, it is not at all 
clear that the severity of the arteriosclerotic changes runs parallel with 
the degree of elevation of the blood lipoids With this point in mind, 
Hunt followed the progress of a group of diabetic patients and found 
that she could not establish any direct relationship between the elevation 
of the blood cholesterol level and the degree of arteriosclerosis which 
developed Indeed, in her series of cases, the most advanced arterio- 
sclerotic changes appeared in those patients wdiose average blood cho- 
lesterol level had been lowest 

If hypercholesteremia in man really can produce arteriosclerosis or 
can exert an appreciable influence on its development, abundant oppor- 
tunities to observe these effects are offered by the occurrence of hyper- 
cholesteremia in association with a variety of conditions other than 
diabetes mellitus, e g , pregnancy, hypothyroidism, obstructive jaundice, 
certain types of nephritis and lipoid nephrosis ° In spite of these oppor- 
tunities, it has never been shown that the degiee of arteriosclerosis 
found at autopsy in patients with such conditions is appreciably'' greater 
than might be expected in any other subjects of the same age, certainly 
to ordinary observation no difference is appaient This is especially 
striking m children who come to autopsy after suffering even for a 
period of several years from lipoid nephrosis with constant or inter- 
mittent hypercholesteremia of extreme degree In these cases, there are 
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no apparent alterations in the arteries, or none which might not be 
found in children of the same age dying from any other disease These 
negative observations m patients with outspoken hypercholesteremia of 
considerable duration constitute the strongest sort of evidence against 
the idea that hypercholesteremia acting alone can cause arteriosclerosis 
There is every reason, then, to conclude, in agreement with Burger,-® 
that hypercholesteremia of itself cannot be regarded as a cause of 
arteiiosclerosis m man Although hypercholesteremia, when it occurs, 
might be expected on theoretical grounds to accelerate the development 
of arteriosclerotic changes which have already been initiated, there is 
little evidence at present to indicate such an effect 

Now, m spite of the fact that the data derived from the study of 
human material offer no support whatever, Anitschkow ^ has insisted 
that hypercholesteremia resulting from some disturbance of cholesterol 
metabolism is responsible for the development of aiteriosclerosis m man, 
an idea based entirely on the results of cholesterol feeding experiments 
in rabbits He has always avoided stating directly that hypercholester- 
emia acting alone can cause arteriosclerosis m human beings and has 
admitted that factors which produce local injury to the arterial walls must 
be of importance, but only of secondary importance He has expressed 
the belief that hypercholesteremia of very slight degree may be sufficient 
to cause arteriosclerosis “provided only that it is of long duration and 
associated with other injurious factors ” One cannot deny the possibility 
that fluctuations of the blood cholesterol so slight as to escape detection 
may occur But the chemical methods m general use are accurate enough 
to determine the normal fluctuations of the level of the cholesterol in 
the blood It is probable, therefore, that a significant hypercholesteremia 
could also be detected, but it has not been found Moreover, as I have 
shown, it is unnecessary to assume that even a slight degree of hyper- 
cholesteremia IS essential to the development of human arteriosclerosis 
Anitschkow’s further suggestion of a “primary” disturbance of 
cholesterol metabolism as the underlying cause of arteriosclerosis m man 
IS, of course, merely an invention to provide some reason for the 
hypothetical elevation of cholesterol in the blood This idea is not 
supported even by the experimental evidence, much less by observations 
on human beings Nevertheless Anitschkow,^- m speaking of the etiol- 
ogy of human arteriosclerosis, has made the following statement “On 
the basis of all these experimental results, it may therefore be regaided 
as definitely established that cholesterm, or rather a disturbance of the 
cholestenn metabolism, is of decisive significance as far as the genesis 
of atherosclerosis is concerned ” For the reasons that have been given, 
one cannot accept the experimental evidence alone as proof of this point 
If a disorder of cholesterol metabolism is to have any effect on the 
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arteries, it must find some expression in changes in the blood, Init evi- 
dence of the existence of such changes in association with the develop- 
ment of arterioscleiosis in man is entirely lacking Indeed, belief in 
the participation of a disturbance of hpoid metabolism in the etiology 
of human arteriosclerosis has ahva^'s lested on little more than opinion 
and the natuie of the supposed metabolic distmbance has never been 
clearly defined No one consideis it necessarx to assume a disordei of 
calcium metabolism to account for the deposition of calcium m the walls 
of aiteries e\en when this occuis in aieas wheie there is no very 
obvious evidence of pievious injuiy (e g , Monckebeig s scleiosis), but 
theie seems to be a geneial impiession that a distuibance of lipoid 
metabolism must be iiostulated to explain tbe accumulation of lipoids m 
the lesions of aitenoscleiosis This impiession may piove to be coriect, 
but theie is no conciete evidence at present to shon that it is In any 
event, the cholesteiol feeding experiments proxide no xahd leason foi 
beliexing that a distuibance of cholesteiol or lipoid metabolism pla}s any 
part in the etiology of human aitenoscleiosis Moieoxei there is no 
definite or conciete exidence fiom obsenations on human beings to sup- 
port the idea If a distuibance ot lipoid metabolism paiticipates in the 
etiology of arteriosclerosis in man, the fact lemains to be demonstiated 
in the future 

The conclusions which have been diawn m the pieccding paragraphs 
should by no means be interpieted as a deterrent to the fuither search 
foi alterations in the blood to which importance could be attached in 
connection with the etiolog}' of human aitenosclerosis In the past, 
attention has been concentiated on possible quantitatue changes in the 
lipoid constituents of the blood plasma, but it mav be that qualitative 
changes aie more important It is possible that alteiations ma} occui m 
the physicochemical state of the lipoids, peihaps in then dispersion oi 
111 their relation to othei colloids in the plasma An interesting lead 
in this diiection is furnished by the -work of Alvaiez and Neuschlosz ‘ 
which suggests the possibility that the degiee of satin ation of the plasma 
with cholesterol may be of impoitance Judging from their figures, one 
would conclude that the degree of saturation or of supei saturation is inde- 
pendent of the absolute quantity of cholesteiol in the blood, and if this is 
the case, it ivould seem that the ivhole colloidal system of the blood 
plasma, complex as it is, xvould hai’^e to be brought into consideration 

{p'-) In his recent publications, Rosenthal (Arch Path 18 473 and 660, 1934) 
has discussed at great length the relationship of cholesterol metabolism to the devel- 
opment of arteriosclerosis Like many prexious authors, he has taken it prac- 
tically as a foregone conclusion that disturbances of cholesterol metabolism consti- 
tute a factor of first importance in the etiology of the disease However, he has 
not advanced any conclusive evidence whatever to support this contention, as care 
ful examination of his data and of the references to the literature will show 
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This IS merely a suggestion Other possibilities may be imagined, but 
the final solution of this problem must await the lesults of further 
investigation 

Before the subject of hypeicholesteremia is dismissed, biief comment 
may be made on the lesults of the experiments in which interference with 
the reticulo-endothehal system oi with the endocrine organs has been 
combined with cholesterol feeding These results have been interpreted 
in certain quarters as indicating that the leticulo-endothelial system and 
the endocrine system are intimately concerned in the etiology of human 
arteriosclerosis These conclusions do not necessarily follow Again 
one IS confronted with the necessity of making careful comparisons 
between the conditions associated with the development of experimental 
cholesterol arteriosclerosis and those with the development of human 
arteriosclerosis before conclusions are drawn In the cholesterol feeding 
experiments in rabbits, the reticulo-endothehal cells become loaded with 
lipoids before any lesions make their appearance m the arteries, while 
in man no similar phenomenon is observed m connection with the 
development of arteriosclerosis Now if the functional capacity of 
the reticulo-endothehal system in the rabbit is deliberately reduced, the 
development of experimental cholesterol arteriosclerosis may well be 
accelerated, but this constitutes no good leason for assuming that the 
same is true of human arteriosclerosis m which the reticulo-endothehal 
cells are not observed to paiticipate m any way, and m which the 
etiologic conditions, especially as regards the role of the lipoids are not 
capable of such close comparison The assumption is rendered even 
more precarious by the lack of any confirmatory evidence from the 
study of human material 

Among the effects on the development of experimental cholesterol 
ai tenosclerosis which have been attributed to the influence of various 
endocrine organs, those which follow interference with thyroid function 
are the best established and appaiently the most definite Hyper- 
thyroidism and hypothyroidism, experimentally induced, tend respec- 
tively to retard and to accelerate the development of experimental 
cholesterol artenoscleiosis As has been pointed out. the protective effect 
of the experimental administration of thyroid gland preparations is 
apparently related to an increased ability thus conferred on the rabbit 
to dispose of the excessive amounts of exogenous cholesterol introduced 
into the diet The resulting hypercholesteremia is not nearly so extreme 
as in contiol animals fed on the same diet To infer from this infor- 
mation that thyroid function plays a part in the etiolog} of human 
arteriosclerosis is unjustified, since the etiologic significance of hyper- 
cholesteremia 111 human arteriosclerosis is extiemely doubtful, to say 
the least, and certainly is not comparable uith that of hypercho- 
lesteieniia in the experimental disease Moleo^er even though hjpei- 
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thjaoidisin and hypothyroidism in man have been lecognired foi a long 
time, and although it is now known that each has a characteristic effect 
on the level of cholesterol in the blood, it has nexer been shown or 
even suggested that the dex'elopment of arteiioscleiosis in man is affected 
either favorably or unfax'Oiably by these disturbances of thxroid func- 
tion In viexv of these facts, the expenmental data cannot be regarded 
as x^alid exidcnce of the participation of the th}ioid gland in the etiolog}' 
of human aiteiioscleiosis The exjienmental results obtained through 
inteiference with othei organs of internal seciction are of cquall} 
doubtful significance 

The effect of iodides is similar to that of piepaiations derived from 
the th}roid gland The administration of iodides i educes the intensit} 
of the hypercholestei emia which follows cholesterol feeding in rabbits 
and It letaids the development of lesions in the arteiies It seems cleai 
that the iodides exert their influence through an effect on thyroid 
actixity, for then administiation is without lesult in thx roidcctomi^ed 
animals Thus, once again, the production of the experimental lesult 
IS chiefly dependent on the eflect of thyroid activitx in facilitating the 
disposal of exogenous cholesterol Thciefore the aiguments adxxanced 
in the pieceding paiagraph apply here. too. with equal foice and render 
it impossible to predict with confidence on the liasis of the experimental 
findings that the administration of iodides would be of anx xalue in the 
])revention or treatment of arteiioscleiosis in man Put to the test in 
the treatment of human arteriosclciosis through the course of man} 
}ears, iodides haxe not prox^ed of definite therapeutic xalue “It is x^erx 
probable, as pointed out by Cushnx, that the good effects oi iodine xvhen 
observed at all xx'cie noticed in cases in xxhich aiteiiosclerosis xxas 
associated xvith syphilis” (W}cKoft 

(c) lujioy to the Aifcncs — In section VI f and in section VIII of 
this paper, leasons have been gixen for the conclusion that the occur- 
rence of injury to the xvalls of the arteries is an essential factor in the 
development of experimental cholesterol aitenoscleiosis in rabbits It 
has also been shoxvn that the occuirence of local injui} is the primary 
extent, xvhich is folloxved subsequently by the piecipitation of lipoids in 
the injured aiea and by cellular proliferation in the intima Almost 
all of the considerations on xvhich these conclusions xxeie based applv 
quite as appropriately in human artenoscleiosis Theie is ever) reason 
to believe that local injuiy to the xx^alls of the aiteiies is an essential 
factoi and the primary event in the development of aiteriosclerosis in 
man Not only is this suggested by the experimental lesults, but all 
peitinent facts concerning human arteriosclerosis aie consistent xvith 
this conclusion It xvill haidl) be necessary to repeat in full detail the 
aiguments xvhich hax^e been set forth m discussion of this point in con- 
nection xvith the etiology of experimental cholesterol arteriosclerosis 
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However, I may lecapitulate briefly, applying the same lines of reason- 
ing to the development of arteriosclerosis m man, and commencing as 
befoie with a consideiation of the piocess by which lipoids accumulate 
in the walls of the arteries 

The lipoids which appeal in the walls of the arteries in human 
aitenosclerosis accumulate in such large quantities that the}^ can hardly 
be considered as the products of the breakdown of tissue at the sites 
of the lesions Of course, a small part of the hpoid material may aiise 
in this way, but it is clear fiom chemical analyses of human arteries 
that the bulk of the lipoids must come from elsewhere*' and theiefore 
must be brought by w^ay of the blood stream It is evident that the 
lipoids contained in the blood plasma entei the arterial, wall with the 
nutritive tissue fluid which is derived from the plasma This fluid 
must be the immediate source of the lipoids which accumulate in the 
lesions of arteriosclerosis 

Since the function of the nutritive fluid is to nourish the tissue of 
the walls of the vessels, it is obvious that it must peimeate freely 
through all parts of the walls It seems highly probable that this fluid 
normally cairies with it the various lipoids which are contained in the 
blood plasma Nevertheless, lipoid deposits do not occur in the walls of 
noimal arteries, and as has been pointed out, they do not occui in normal 
human arteries even when theie is prolonged hypercholesteremia which 
presumably increases the lipoid content of the nutritive fluid In arterio- 
scleiotic vessels, hpoid accumulations are not formed eveiywheie 
diffusely but only m localized and restricted areas The latter fact 
could not be explained by an elevation of the hpoid content of the 
blood plasma and of the nutritive fluid even if hyperlipemia could be 
shown to occur in legular association with arteriosclerosis m man 
Whethei or not theie occurs any change in the lipoids of the blood in 
human arteriosclerosis, it is evident that the local conditions which exist 
m the wall of an artery at the sites where lipoids are deposited are 
different fiom those which obtain in the normal parts of the same aitery 
where no hpoid deposits occui The local conditions which exist in the 
arterial walls at the sites of hpoid deposition and which do not exist 
elsewhere must constitute the immediate cause of the actual piecipitation 
of lipoids from the colloidal state in which they enter the walls of the 
vessels with the nutritive fluid It is equally obvious that the appropri- 
ate local conditions must exist before an} precipitation of lipoids takes 
place 

The possibility that the appiopiiate local conditions necessaiy for the 
piecipitation of lipoids exist noimally in certain parts of normal arteiies 
has been mentioned in the discussion of the pathogenesis of expeiimental 
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cholesterol arteriosclerosis in rabbits This suggestion was dismissed 
since It was inconsistent with the known facts and was suppoited onl} 
by the results of experiments which evidently had been misinterpreted 
The idea is equally inconsistent with the facts concerning human 
arteriosclerosis so that it can be dismissed here, too, without further 
discussion The only alternative and leally the only reasonable con- 
clusion IS that the local conditions in the walls of the arteries which are 
responsible foi the piecipitation of lipoids develop as the result of 
changes in the walls of the aitenes themselves These local alterations 
which must occur before the deposition of lipoids becomes possible 
constitute the initial stage of the development of arteiioscleiosis in man 

Just as in the case of the rabbit, the following geneial statement 
can be made The occurrence of localized hpoid deposits in the walls 
of the aitenes is dependent on the coexistence of two sets of conditions 
One set includes the conditions which must obtain m the blood and 
secondai il} in the nutritive fluid which permeates the walls of the vessels 
These are the general conditions The second set compiises those 
conditions which must exist locally in the walls of the arteiies at the 
sites where hpoid deposits are to occur These aie the local conditions 
When both the local and the general conditions are suitable hpoid depos- 
its develop 

In the case of the human being in contiast w'lth the labbit it seems 
probable that the general conditions aie satisfied in the normal person 
There is no evidence to show', noi am reason to believe, that an 
cle\ation of the blood lipoids is necessai} to the decelopment of human 
arteriosclerosis, and no othei changes in the blood ha^e ever been 
demonstrated in constant association with aiteiiosclerosis m man One 
IS justified, theiefore. in drawing the tentative conclusion that the 
general conditions necessarj' for the foimation of Iipoid deposits in the 
walls of the aitenes are normail) existent in the normal human being 
On the othei hand, corresponding with the state of affairs m the rabbit, 
the necessar) local conditions almost certainly do not exist normally in 
man As I have pointed out, the occurience of preliminary local alter- 
ations in the W'alls ot human arteiies prior to the formation of hpoid 
deposits can hardly be doubted, and indeed may be regarded as an 
established fact This is admitted by almost every one, although it is 
seldonT" emphasized Thus, woth respect to the primaiy local changes 
in the arterial w'alls, experimental cholesterol arteriosclerosis in the 
rabbit is quite capable of comparison with arteriosclerosis m man The 
important difference lies m the fact that m the human being one is forced 
at present to regard the occurrence of the appropriate local alterations 
m the walls of the arteiies not only as the initial stage of the develop- 
ment of arterioscleiosis but as the one abnormal factor responsible for 
the subsequent tram of events 
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To determine the cause and natuie of these initial local changes in 
the arterial walls is obviously a problem of paramount importance in 
the investigation of human arteriosclerosis So far as these changes 
are concerned, compaiable conditions seem to obtain, both m the deielop- 
ment of experimental cholesterol arteiiosclerosis and in that of human 
arteriosclerosis, so that the experimental data may properl}' be drawn 
on for assistance in the elucidation of this problem The experimental 
studies on cholesterol-fed rabbits have been misleading in some respects, 
for reasons which I have attempted to make clear This fact, howei er, 
constitutes no argument foi lejecting the conclusions which can be 
applied with justification Therefore, one can accept as valid the experi- 
mental evidence which bears on the important question under considei- 
ation As I have shown, the experiments yield evidence which sug- 
gests very stiongly that some sort of injuiy is responsible for the 
pieliminary local changes in the walls of human arteries which are essen- 
tial to the subsequent formation of lipoid deposits Many of the 
expel imental measures which have been emplojed for the pioduction 
of injury to the arteries of rabbits seem to have no diiect significance 
as applied to man, but this does not dimmish the weight of the evidence 
in support of the general conclusion that the primary local alterations 
in the arterial walls which lead to the subsequent development of the 
lesions of arteriosclerosis are the result of some sort of injuiy to the 
arteries, an injury to which in man the intimal layer seems to be 
especially susceptible 

That this inference is consistent with the knowledge of arteiio- 
sclerosis as it occurs in man is attested by the fact that many investi- 
gators have reached essentially the same conclusion from the stud} of 
human material alone The interpretation of the experimental data 
which is offered here is decidedly new, but the conclusion as applied 
to human arteriosclerosis does not by any means constitute an original 
suggestion Thus, the real contribution of the experiments is that they 
provide new and strong suppoit for an old and well founded idea 

In the human being there are fewer opportunities than could be 
desired to observe the effects of various arterial injuries of known 
origin and of a kind which might be expected to produce lesions capable 
of comparison with those of ordinary arteriosclerosis The best 
example at one’s disposal is the injury produced by syphilis of the 
aorta It is well known, of course, that S}phihs affects piimaiil} the 
adventitia and media of the aoita, but in addition, the intiina is 
secondarily injured As a result of this injury, intimal lesions deielop 
which may simulate very closely those of aiteriosclerosis Tins is 
most often the case when the syphilitic aortitis is not too recent in 
origin, that is, when the injur} has peisisted for a sufficient length 
of time to permit the relatively slow process of lipoid deposition in 
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the Ultima to become apparent Such lesions, like those of orchnar) 
arteriosclerosis, are characterized l)y a fibrous thickening of the intima 
and by more oi less abundant accumulations of lipoids which aie found 
parti} in association with the inteicellulai mateiial in the thickened 
mtima and partly within foam cells 

Occasionally cases are seen at autopsy in which such “arteiio- 
sclerotic” lesions aie found m the intima overlying the portions of the 
aortic wall w'hich aie affected by syphilis, w'hile the lemaming parts 
of the aorta and the othei arteiies throughout the bod} are practicall} 
free fiom aiteriosclerosis Evident!} the injury to the wmII of the 
vessel in these cases is responsible foi the development of the arterio- 
sclerotic changes associated with the sjphilitic aortitis, for the uninjured 
parts of the aoita and the aiteiies elsewhere remain unaficcted, although 
they aie exposed to identical conditions so far as possible changes in 
the blood are concerned Appaiently, then in the human being a 
suitable local injury to the intima is cajiable of producing intimal lesions 
wdiich possess the essential characters of oi dinar} arteriosclerosis The 
occurience of injuiy which is the primary c\ent, is follow'cd subse- 
quently by the precipitation of lipoids and by cellular prolifeiation in 
the injured intima Probabh the same is true of arteiiosclerosis as it 
occurs quite apait from injuiies of such well recogni/cd origin 

The cause of the aiteiial injury which initiates the de\elopment of 
human aiterioscleiosis is obscure and the cholesterol feeding experi- 
ments piovide haidly any suggestive infoimation bearing on this prob- 
lem In the past it has geneiall} been taken for granted, on the basis 
of the experimental results, that hyjjercholeslercmia in man has the 
ability to injure the arteiies, but it has been showm here that the experi- 
mental data fail to demonstrate that this is true e\en in labbits The 
question of the leal cause of the primaiy injury to the arteries in 
experimental cholesterol arteiioscleiosis has never been carefully imesti- 
gated The evidence obtained in human beings, far from incriminating 
h} percholesteremia as a cause of aiteiial injuiy, indicates lather that 
hypercholestei emia of itself has no damaging effect on the arteries 

Most of the forms of expeiimental injiiiy wdiich have been emplo}ed 
as accessories to cholesterol feeding m rabbits seem to have no direct 
significance as applied to arterioscleiosis m man The only exception 
of possible impoitance is the arteiial injury produced m rabbits b} 
mtiavenous injections of certain bacteria (see section VI / of this 
paper) It should be borne in mind, howevei, that the influence of 
bacterial infections on the development of experimental cholesterol 
arterioscleiosis is leall} not well established The available experi- 
mental evidence bearing on this point is so meager that little importance 
can be attached to it at present Moreovei, caution must be exeicised in 
the interpretation of such experiments foi it is well known that the 
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aitenes of rabbits are extraordinarily susceptible to injury Toxic 
agents which are injurious to the rabbit’s arteries may not be equally 
injurious m man Studies of human material should be more reliable, 
but they have led only to the formulation of a variety of opinions as to 
the role of infections in the etiology of human arteriosclerosis It has 
oeen thought for a long time that bacteria, perhaps through the agency 
of their toxic products, may cause injuries to the arterial walls and thus 
may initiate the development of arteriosclerosis This idea, although 
it has been favored by many students of arteiiosclerosis. is difficult to 
prove, but is equally difficult to disprove One can only say that the 
evidence which has been brought forward up to the present time is 
inconclusive 

The tendency of the lesions of human arteriosclerosis to develop 
around the mouths of branching arteries is said to indicate that the 
injury at these points is due to the stretching and distoiting action of 
mechanical forces The lesions of experimental cholesterol arterio- 
sclerosis likewise tend to favor the areas near the orifices of branching 
vessels and the same conclusion might be drawn from tbis fact, but the 
experimental observations really add nothing new to the arguments 
which have been built on observations on human arteries In both 
instances, lesions are distributed in many places at a distance from 
possible weak spots in the walls of the arteries, so that it is difficult 
to believe that mechanical forces aie wholly responsible It seems moie 
likely that the areas about the mouths of branching arteries are merely 
somewhat more susceptible than other parts of the wall of the vessel 
to the action of the injurious agent which produces lesions elsewhere 
Whether this special susceptilnhty to injury is dependent on the oper- 
ation of mechanical forces oi on the peculiar structure of the wall of 
the vessel at such points or on some other local peculiarity remains 
undetermined The experiments of Harrison,®® of which some account 
has aheady been given, do suggest that mechanical forces which pioduce 
excessive mteinal movements within the arterial walls around the oiifices 
of branching vessels are responsible foi the tendency of lesions to 
develop in these areas 

Many othei suggestions have been made as to tbe possible origin 
of the injui} to the arteries which is lesponsible for the development 
of human aiteiiosclerosis A discussion of these possibilities would be 
fruitless, however for it is impossible at present to demonstrate that 
any one ot the suggested causes of aiteiial injury is of decisive signifi- 
cance m the etiology of arteriosclerosis in man One would suppose that 
the appropiiate local injury must be one of moderate intensity wdnch 
probably persists o^er a considerable period of tune oi which perhaps 
IS repeated at intervals but wdiat it is that pioduces such an injun is 
leall) quite unknown 
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The necessity of prehminaiy local alterations in the avails of vessels as 
a factor indispensable to the precipitation of lipoids and to the subsequent 
development of the lesions of human aiteriosclerosis is perfectly clear, 
and there is every reason to believe that injury to the walls of the 
arteries can produce these changes Howe\ei, Aschotf^*' especial!} has 
emphasued the impoitance of primaiy alterations in the arterial walls 
which seem to occur simply as a part of the process of aging and vhich 
he believes are manifested chiefly in the intercellular cement substance or 
ground substance \\'ells ^ has placed great emphasis on the detei loration 
of elastic fibeis, a change uhich he has attributed to "aging” of the col- 
loidal elastm of ^\ Inch these fibers are composed Such alterations in the 
arterial walls undoubtedly occur in old age, but it is difficult to believe 
that the process of aging plays a part of any consequence m the develop- 
ment of artenoscleiosis m i datively young people The importance 
which one can attach to the changes attributable mereh to chronological 
old age limits itself automatically to the later decades of life One 
can say only that the appropiiate local alterations in the aiterial walls, 
if they aie not pioduced prematurel} by local mjur}, will come 
e\entually as a manifestation of age So far as aging is a biologic 
propel ty inherent in the human organism, it must be incMtable and its 
consequences therefore, are overshadow'cd in importance In those for 
which some form of injur} to the w'alls of the arteiies can be held 
responsible Accordingl} the question of the cause or causes of this 
arteiial injury still presents itself foi further iin estigation as the most 
important problem in the etiology of human artciiosclerosis 

Attention may now' be diiected again to the lipoids which accumulate 
m the lesions of arteriosclerosis The exact nature of the process by 
which lipoids come to be deposited secondaiily in damaged areas in the 
walls of arteiies has never been satisfactonl} explained The experi- 
mental observations indicate that changes in the intercellular ground 
substance are especially important m this connection, but no infoimation 
IS forthcoming as to the intimate nature of these alteiations beyond the 
fact that they can be pioduced by injuiy Neither is there any infor- 
mation available as to the manner in wdiich the local changes can effect 
the precipitation of lipoids from the colloidal state in wdiich the} enter 
the walls of the arteries with the nutiitive fluid It is said that the 
lipoids are adsorbed by the altered intercellular mateiial but all of this 
is really obscure, a fact which emphasizes the necessity foi turther 
studies diiected toward the claiification of this complex process 

Following the original injury to the wall of the vessel, when lipoid 
deposits begin to make their appearance, it becomes a question whether 
or not the lipoids m the intima can themsehes act as injurious agents 
and thus propagate the arteriosclerotic process It is probable that the 
original injury continues to act for a time at least, and the same injury 
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may be fully responsible for the whole development of the lesions, while 
the precipitation of lipoids in the injured intima may be entirely inci- 
dental However, it seems highly probable that the precipitated lipoids, 
and especially the cholesterol esters which are apparently the most diffi- 
cult of removal, play a part, and perhaps an important part, in the 
subsequent development of the arterial lesions It is clear from the 
study of both the experimental and the human material that the lipoids 
deposited in the injured intima stir into activity the numerous macro- 
phages which are attracted to the site and which then engulf a large 
part of the lipoid material It seems entirely probable, too, that the 
free lipoid deposits can stimulate the proliferation of fibrous connective 
tissue cells in the intima This effect is added to that of the original 
injury to produce a reparative fibrous tissue reaction in the affected 
areas If the original injury which initiated the whole process ceases to 
operate, it is probable that the lipoid deposits prevent immediate healing 
and continue to exert their influence so that the lesions persist, progress- 
ing slowly If this IS true, the presence of hpoid deposits really renders 
the lesions of arteriosclerosis self-propagating However, the experi- 
mental evidence indicates that the lipoids may be slowly lemoved under 
certain conditions, among which the withdrawal of the source of arterial 
injury is probably the most important One can infer, therefore, that 
in human arteriosclerosis the termination of the influence of the original 
arterial injury may permit a gradual absorption of the hpoid deposits 
which, if they are not already too extensive, may even disappear finally, 
leaving only a fibrous thickening of the intima 

XI SUMMARY AND CONCLUSIONS 

Arterial lesions which resemble those of human arteriosclerosis can 
be produced m rabbits by the administration of diets containing con- 
sideiable quantities of cholesterol I have chosen to call this experi- 
mental disease of the arteries “experimental cholesterol arteriosclerosis ” 
The literature bearing on experimental cholesterol arteriosclerosis is 
reviewed in detail The results of attempts to produce arterial lesions 
by cholesterol feeding in animals other than rabbits are described The 
data which have ansen from all of these experiments are summarized 
briefly in section VH of this paper 

On the basis of these data, the etiology and pathogenesis of experi- 
mental cholesterol arteriosclerosis m the rabbit are discussed It is con- 
cluded that the presence of considerable quantities of cholesterol in the 
diet with a resulting elevation of the level of cholesterol and other 
lipoids in the blood is essential to the development of the typical arterial 
lesions in rabbits It is shown, however, that hypercholestei einia alone 
cannot be regarded as the cause of the lesions in the arteries There 
are preliminaij local alterations in the walls of the arteries which pre- 
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cede the piecipitation of lipoids Evidence is ad\anced to show that 
these prehminaiy changes are due to some form of injury to the arteries 
attendant on the expeiimental procedure of cholesteiol feeding It is 
concluded that the occurrence of local changes m the aiteiial walls, due 
m all probabiht} to mjur} of some kind, is the pnmar} e\ent in the 
development of the lesions of expeiimental cholesterol arteriosclerosis, 
an e\ent which is followed subsequently b} the precipitation of lipoids in 
the injured areas 

As a pielimman to the discussion of the significance of the expeiimen- 
tal lesults, a compaiison is diaun betueen the anatomic lesions of experi- 
mental cholesterol arteriosclerosis and those of human ai teriosclerosis 
It IS demonstrated that the two diseases are not identical and that there 
aie a numbei of important differences between them These diflerences 
are of such a nature as to suggest strong!} that the role of the lipoids 
m the de^eIopment of arteiiosclerosis is greatly exaggerated m experi- 
mental cholesterol ai teriosclerosis as compared with arteiiosclerosis m 
man A numbei of normal differences between the rabbit and man 
which render mteipretation difficult and uncertain are pointed out It 
IS shown that the experimental data are not ca])able of accurate interpre- 
tation without lecourse to data on corresponding points derued from the 
study of human material With this fact in mind, an attemjit is made 
to correlate the data eoncerning expeiimental cholesteiol ai teriosclerosis 
with the available information regarding human arteiiosclerosis The 
three main factors which can be recognized in tlie etiology of experi- 
mental cholesterol aitciiosclerosis, namely, cholesterol in the diet h}per- 
cholesteremia and injury to the aiteries, aie consideied m order as 
regards their possible significance in the etiology of human arterio- 
sclerosis With full cognizance of the inferences which have been 
drawn m the past fiom the expeiimental results the following con- 
clusions are reached foi reasons which are given m their appropriate 
places 

The results of cholesterol feeding experiments in labbits do not 
constitute a valid reason for believing that an excess of cholesteiol m 
the diet plays any role in the etiology of arterioscleiosis in man No 
convincing evidence in support of such a belief exists at present 

Hypercholesteremia is not found wuth any regulaiit} m association 
with human arterioscleiosis It seems highly piobable that arterio- 
sclerosis in man can and usually does develop without deviation of the 
cholesteiol content of the blood beyond the normal limits of variation 
In any event, there is no valid evidence to support an} othei conclusion 

Hypercholesteremia of itself cannot be legaided as a cause of human 
arteriosclerosis Although hypercholestei emia, when it occuis, might 
be expected on theoretical grounds to accelerate the development of 
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arteriosclerotic changes which have already been initiated, there is little 
evidence at present to indicate the existence of such an effect 

The cholesterol feeding experiments piovide no valid reason for 
believing that a disturbance of cholesterol or hpoid metabolism plays 
any part in the etiology of human arteriosclerosis There is no definite 
or concrete evidence from observations on human beings to support 
the idea If a disturbance of hpoid metabolism participates in the 
etiology of arteriosclerosis m man, the fact remains to be demonstrated 
in the future 

The initial stage m the development of human arteriosclerosis con- 
sists of local changes in the walls of the arteries themselves, changes 
which are responsible for the subsequent precipitation of lipoids in the 
affected areas In man, as in the rabbit, there is every reason to believe 
that these changes follow as the result of some sort of injury to the 
arterial walls As to the cause of this injury, the experimental data 
yield hardly any information which is capable of application in the 
human being Some possible causes of the arterial injury which have 
been suggested previously and on which the experimental results have 
some bearing are discussed briefl}'^ Brief comment is also made on the 
influence of age No definite conclusions are reached, since it is clear 
that the cause of the injury to the arteries which is responsible for the 
development of human arteriosclerosis is unknown 

Following the initial local injury, lipoids are deposited in the injured 
intima, especially in the intercellular substances These deposits stir 
into activity numerous macrophages which are atti acted to the site and 
which then engulf a large part of the hpoid material It seems entirely 
probable that the free hpoid deposits can stimulate the piohferation of 
connective tissue cells m the intima This effect is added to that of the 
original injury to produce a reparative fibrous tissue reaction in the 
affected areas If the original injury which initiated the whole process 
ceases to operate, it is probable that the hpoid deposits prevent immedi- 
ate healing and continue to exert their influence so that the lesions per- 
sist, progressing slowly Under these conditions, however, it seems 
likely from the experimental evidence that the lipoids may be slowly 
lemoved and may even disappear finally, leaving only a fibrous thicken- 
ing of the intima It is unnecessary to assume that a disturbance of 
cholesterol or hpoid metabolism plays a part in any stage of the 
process 

This outline of the development of human arteriosclerosis is entiiely 
consistent with the knowledge derived from the study of arteriosclerosis 
in man. and at the same time it incorporates those inferences which 
can be drawn with justification from the experimental data It seems 
to be the most reasonable working hypothesis which can be constructed 
from the evidence arailable 
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A tentative scheme of the relationship between experimental cho- 
lesterol arteriosclerosis and human arteriosclerosis is offered which 
explains m a logical way the apparent discrepancies between the con- 
clusions which have been drawn in this paper regarding the two diseases 
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Notes and News 


Society News —The Third International Congress of Comparative Pathology 
will be held in Athens, Greece, on April 15 to 18, 1936 Special reports will be 
made on nephrosis, amyloidosis, leishmaniasis, spirochetosis and avitaminosis 
Information may be obtained from Prof Anthony Codounis, 40 Didotou Street, 
Athens 

Grants in Aid of Research — Applications for grants m aid of research for 
1936 by the American Association for the Advancement of Science must be received 
at the permanent secretary’s office in Washington, D C , on or before October 30 
next 

The Division of Medical Sciences of the National Research Council will hold 
a special meeting in November 1935 for the consideration of applications for 
grants-in-aid in this field Applications to be considered at this meeting must 
be on file with the secretary of the committee on grants-m-aid. Dr Clarence J 
West, not later than Oct 1, 1935 Applications received after Oct 1 and prior 
to Feb 15, 1936, will be acted on at the next regular meeting of the committee 
in March 1936 

Resolution in Regard to the Coroner’s Office — ^At the annual meeting 
of the Illinois State Medical Society, on May 21 to 23, 1935, the following reso- 
lution was adopted by the house of delegates 

WiiFREAS, the Coroner’s duties are both magisterial and medical, each of these 
requiring a high degree of specialized knowledge, and 

Whereas, the Coroner has no qualifications except political ability to get votes, 
not being required to be either lawyer or doctor, and 

Whereas, the Coroner does nothing that must not be done over again, and 

Whereas, There are grand and petit juries to handle the work of the Coroner’s 
jury, and 

Whereas, The office of Coroner is both useless and costly , and 

Whereas, The press is heartily in svmpathy with this move as evidenced bj’’ 
editorials such as “The Office of Coroner” {Chicago Daily Nezvs, April 7, 1933) , 
“What Price Gangster Protection” {Chicago Daily Nczvs, Oct 7, 1933) , “An 
Outrageous Verdict” {Chicago Daily Tiibiiuc, April 1933), and many other 
editorials and news stones appearing from time to time. 

Be It Therefore Resolved, That the Illinois State Medical Society go on 
record as favoring the abolition of the Coroner’s office and establishing in its stead 
a Aledical Examiner who is a licensed doctor of medicine, to be appointed bv the 
governor or civil service commission, whose duties will be medical examination 
only to determine causes of death, the legal investigative procedures to be left to 
the district or states attornevs, 

Axd Be It Further Resolved, That copies of this resolution be sent to the 
Illinois State Bar Association and to the Press 
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BUFFALO PATHOLOGICAL SOCIETY 
Bcgulai Mcdmcj, Jan 23, 1935 
Koumi TiRrrAx, Ptaidcul, m the Chau 
W r J \coB\ Stoclatv 

Thc Firpr and Nucirau Strlcfluis in a Casi 01 Hai’opiasia of thf Clre- 
nrixbM Gilbirt Bick 

A 9 months old child died after the making of an encephalogram The cerebrum 
was normal m size, cell and fiber structure The cerebellum, on the other hand 
was found to be long and narrow, though it contained the normal number of 
lobules and sulci It resembled the cerebellum in miniature described by Nonne 
Serial sections were made of one half of the cerebellum m the transverse direction 
and of the other half in the sagittal plane and stained Iiy tlic Weigcrt-Pal method 

Cocbclhun Ptopci — Tiie mjehn of both the Acrmis and the flocculus was well 
stained The lobules of the hemisphere, howe\er were nnclinated in -varjing 
degrees The tonsilla was most poorlv mjehnated, the bi\ enter not so poorly, 
while the myehn of the lobuh gracilis and quadrangularis was somcwiiat better 
retained The lolnih scmilunarcs supcriorcs and mfenores were as deeph stained 
as the vermis 

The pars intermedia was confirmed It demonstrated a connection between 
the hemisphere and the embohforin nucleus 

Biatu Stevt Niulci and Ttacts '‘Issoitalcd iinth the CuchcUum — The nuclei 
arcuati and the stria Piccolomini were absent Tbe inferior olive and the 
accessory olives were normal Fibers from these structures could be traced swing- 
ing above the dentate nucleus into the lobuh semilunares This is contrarv to 
Holmes’ and Stewart’s schematic representations as w'ell as Brouwer’s conclusions 

All pontile nuclei otlier than the peripeduncular, mtrapcduncular and reticular 
groups were absent The stratum superficiahs pontis as well as the fibrae rectae 
pontis were well retained This seems to prove that this group of fibers and 
the reticular nucleus are more ancient than the rest of the arms of the pons 

Ccicbellai Piopei — (n) The dentate nucleus showed the macrogjric 

ventral sheath more embryonic than the microgyric dorsal sheath The latter 
also was immature, giving few if any fibers to the superior peduncle 

(b) The embohform, or frontal conglomerate, nucleus was composed of very 
large cells and extremely dense fiber structures This nucleus was the sole source 
of origin of the dcntatorubrothalamic pathw'ay' 

(c) The nuclei globosi and fastigii appeared normal 

Cci cbcllai Convcctwvs — The middle peduncle wuth the exception of the stratum 
superficiale was entirely aplastic 

The superior peduncle originated from the embohform nucleus and decussated 
in the brain stem to form the dorsal portion of the commissure of Wernekinck, 
thus confirming Hatchek’s experimental work The restiform bodv and the ven- 
tral spinocerebellar tract appeared normal 

A definite and unmistakable connection between the mesencephalic trigeminal 
root and the cerebellum was confirmed , in sagittal sections manv fibers could be 
traced emerging from the trigeminal root into the cerebellum 
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It seems that the hypoplasia of the cerebellum may have been due to a lack 
of proper neurobiotaxic stimulation because the arm of the pons was not normally 
developed Two conditions are offered in confirmation of this view 

(a) Fetal cerebral atrophy causes contralateral cerebellar atrophic changes, 
whereas atrophy of the adult cerebrum (Pick’s disease, porencephaly, etc ) in most 
case does not cause these changes Were it just a matter of the amount of 
fibers, a difference between “secondary” changes following fetal disturbances, on 
the one hand, and atrophy of the adult cerebrum, on the other, would not be 
present In fetal life the contralateral atrophy must be regarded m the light 
of a lack of the proper neurobiotaxic stimulation for “massive” development 

(fi) In the semilunar lobes, in which the myelination was very splendidly 
retained through the olivocerebellar fibers, the lobules were, however, still v'erj' 
small, no larger than the adjacent lobules, m which the amount of myelin was scant 
The well myelinated semilunar lobules also lacked the neurobiotaxic stimulation 
necessary for their development in the large, “fleshy” lobules of the hemisphere 
that one knows of normally 


Rcgiih) Meeting, Feb 16, 1935 
Korncl Terplan, Pi csidcnt, in the Chau 
W F jACons, Sect ctaiv 

Demonstration of Sucrose in the Cerebrospinal Fluid of a Patient with 
Acute Encephalitis Roger S Hubbard and Kornel Tfrplan 

The effect of sucrose injected intravenously on the pressure of the cerebrospinal 
fluid has recently been described (Bullock, L T , Kinney, R , and Gregerson, 
M I Am J Physiol 109 17, 1935) When concentrated solutions of the sugar 
are injected intravenously a fall in intracranial pressure occurs Later there is a 
gradual return to normal values without the secondary rise which is sometimes 
noted when dextrose is used 

In the course of the treatment of a patient with encephalitis 250 cc of a 26 per 
cent sterile solution of the sugar was injected to decrease the intracranial pressure 
The patient was a 7 year old boy who had enjoyed perfect health until about three 
weeks prior to his death, when a cold m the head with severe cough developed 
Although there was no whooping or vomiting, two doses of therapeutic pertussis 
vaccine were given Only in the last three da>s of life the temperature rose 
to 101 F The boy felt chilly and complained of headache and dizziness General 
convulsions developed, followed by deep coma There was slight rigidity of the 
neck with a positive Babinski sign on the right side The spinal fluid showed 
56 cells but was clear The child died showing symptoms of pulmonary edema 
SIX hours after the intravenous injection of sucrose The clinical diagnosis was 
“acute encephalitis (^)” • 

The autopsy was performed six hours after death The brain showed unusually 
marked swelling and hyperemia, its weight was 1,400 Gm The amount of spinal 
fluid was distinctly decreased Only 7 cc was collected from the basal cisternae 
The ventricles contained very little fluid, they appeared markedly compressed by 
the swollen brain substance Except for acute catarrhal tracheobi onchitis, inflam- 
matory edema of the lungs and recent lobular pneumonia there were no other 
noteworthy findings 

Histologically the brain showed an almost diffuse inflammatory process involv- 
ing the white and the gray matter alike There were moderately dense pen- 
vascular lymphocytic infiltrates, especially around small veins In a few areas, 
e g , the caudatum and the frontal lobe, the inflammatory process showed focal' 
accentuation with small nodular infiltrates The leptomeninges, too, showed slight 
focal infiltration with lymphocytes The pons, the medulla oblongata and the 
upper part of the cervical cord were practically free from such infiltrations 
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It seemed worth while to determine whether sucrose could be demonstrated 
in the fluid obtained at the postmortem examination For this purpose a specimen 
of the fluid was treated with hydrochloric acid to give a concentration thirty-three 
hundredths normal and was then heated on a water bath for one-half hour to 
hydrolyze any disaccharide which might be present The acid was then neutralized 
and the levulose determined by the method of J H Roe (/ Biol Clicm 107 15, 
1934) A control specimen obtained before the sucrose was injected was also 
treated in tbe same way, and the levulose content of both specimens was deter- 
mined without submitting them to acid hv’drolysis 1 he results of these analyses 
are given in the table 


Appaiciit Levulose Content of Spinal Fluid Ft out a Patient ivitli Encephalitis 



Millicrvins of IcwiIo^l per 100 Cc 


/ — 



Before Injection 

After Injection 

Specimen 

of Sucrose 

of Sucrose* 

Hydrol>zed 

3 A 

IS 

Unhjdroljzed 

3 A 

10 


* Specimen obtvined ifter deith 


The figures show clearly that the fluid taken at the autopsj contained a sub- 
stance which yielded levulose on acid hvdroljsis This substance was absent from 
spinal fluid taken before sucrose was administered It seems practicalK certain, 
therefore, that sucrose was present m the fluid The concentration of sucrose 
can be calculated approximately from the formula 

molccuhr weiRht sucrose oo r n j 

(15-3 4) X ;„oie^ - ^;m,h r kM.iosr ~ = ^^ sucrose per 100 cc of fluid 

Because Roe’s method gives positive results with iinhj drolv zed sucrose as well 
as with levulose, and because spinal fluid contains an unexpected!} high concen- 
tration of levulose (Hubbard, R S , and Garbutt, HR Fiot Soc E i pci Biol 
& Med 32 986, 1935), further experiments were carried out in an attempt to 
devise a more satisfactory method for the determination of sucrose m the spinal 
fluid It was found possible to do this by incubating spinal fluid with one of the 
strains of Bacterium coh which ferments fructose but does not attack sucrose, 
subjecting the incubated material to acid hv drolv sis and carrving through Roe’s 
procedure When this technic was applied m further experiments the entrance 
of sucrose into the spinal fluid after the injection of the sugar into the blood 
stream was confirmed 


Regnlai Mcctinq, Match 27, 1935 
Kornel Terpi an, Picsidcnt, in the Chan 
W F Jacobs, Sccictaiy 

Some Immunologic and Serolocic Probiems in Tubercuiosis Ernst Wit- 
EBSKY, Heidelberg and New York (by invitation) 

While diseases such as scarlet fever are follovv^ed by definite immunity against 
reinfection, it is doubtful whether immunity against chronic infectious diseases 
such as tuberculosis and syphilis exists Since the time of Robert Koch it has 
been known that a tuberculous animal will react to a second infection (reinfec- 
tion) differently from a normal one A lesion will appear as early as a few hours 
after reinfection It vanishes a few days later and is not followed by a general 
infection This typical behavior, also called “infectious immunity,” is due to the 
presence of an active tuberculous lesion in the bodv “Infectious immunity” 
means immunity during the stage of actual infection The “infectious immunity” 
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m tuberculosis can be compared to that in syphilis, in which reinfection does not 
induce a primary lesion at all The failure of the syphilitic person to acquire a 
primary lesion is due to the presence of living spirochetes somewhere in the body 
After complete cure by antisyphihtic treatment, however, it is possible again to 
produce a primary lesion as m nonmfected persons 

Regarding the striking similarity between the Koch effect on the one hand 
and the Arthus phenomenon on the other, many authors maintain that the tuber- 
culin test is based on an antigen-antibody reaction However, there are impor- 
tant differences between both It is possible to transfer the Arthus phenomenon 
by means of the serum of a sensitized person to a normal one The attempt at 
passive transfer of the hypersensitiveness against tuberculin fails Neither does 
tuberculin (the bacteria-free filtrate of cultures of tubercle bacilli) induce the 
formation of antibodies, nor is it possible to prove the existence of antibodies 
against tuberculin m the serum by precipitation reactions or complement fixation 
Thus, tuberculin lacks all the qualities which characterize an antigen In spite 
of recent important investigations carried out by Seibert and by Long concerning 
the chemical nature of tuberculin it must be stated that the basis of the tuberculin 
reaction is still a mystery of nature 

Tbe experimental analysis of serum in tuberculosis shows two different 
changes (1) an alteration of the albumin-globulin ratio, (2) tbe presence of 
specific antibodies Alany reactions are described whicb are based on tbe increased 
lability of plasma and serum m tuberculosis Reagents such as alcohol, saline 
solutions, distilled water and some chemical reagents are used The increase of 
lability sometimes parallels the intensity of the actual process The change m 
the albumin-globulin ratio is, however, not specific for tuberculosis but occurs 
also in such conditions as carcinoma, acute infectious diseases and pregnancy 
The presence of real antibodies in the serum of tuberculous people may be demon- 
strated by using specific antigens only, e g , tubercle bacilli or certain substances 
derived from tubercle bacilli By means of the specific absorption test it is pos- 
sible to prove the presence of antibodies in the serum of patients suffering from 
tuberculosis During the last few years several new antigens and reactions for 
the serodiagnosis of tuberculosis have been described, based mostly on complement- 
fixation methods Their sensitivity as well as specificity has improved very much 
The experience derived from these methods shows that, especially m adults suffer- 
ing from phthisis of the lungs, a high percentage (about 80 per cent) of positive 
results IS obtained On the other hand, in the so-called second Ranke’s stage of tuber- 
culosis, e g , tuberculosis of the skin, bones, joints and peritoneum, the percentage 
of positive reactions obtained is rather low (25 per cent or less) The complement- 
fixation test in tuberculosis may be of differential diagnostic value when antigens 
the specificity as well as the sensitivity of which is satisfactory are employed 
The test is also suitable for the examination of pleural fluids and may be of great 
help m deciding the question whether or not a pleural fluid is tuberculous It is 
difficult thus far to make a statement concerning the prognostic value of the pres- 
ence of antibodies m the serum in tuberculosis A rather high percentage of 
serums from dead bodies contain antibodies Thus they do not necessarily inhibit 
the progress of the disease Further investigations are necessary if one is to 
answer the question whether the presence of antibodies after successful pneumo- 
thorax treatment is due only to the persistence of antibody functions or to the 
fact that tubercle bacilli are still present somewhere m the body 

Tuberculin reactions, lability reactions and antigen-antibody reactions in tuber- 
culosis are independent of each other Although the definite interpretation of these 
biologic tests IS still a subject for further study, their suitable application may 
already be of value for clinical purposes 

Isolation of a Tuberculin-Linl Substance froai the Urine of Patients 
WITH Active Tubercuiosis and Its Practical Application as an Aid 
IN Diagnosis E B Hanan 

These studies are based on the principle that a tuberculin-like substance of 
specific antigenic nature is excreted in the urine during the active stage of tuber- 
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culosis When concentrated and partially purified this material maj be used in 
conjunction with old tuberculin as an aid to distinguish between the latent and 
the active phases of the disease Vacuum-concentrated and dialyred urinarv extracts 
were obtained m 124 cases of tuberculosis By the Mantoux technic, 0 1 cc 
of the extract was injected near the site of a similar injection of a 1 10,000 dilution 
of old tuberculin on the forearm of the patient from whom the untie was obtained 
In 107 of these cases active tuberculosis was pro^ed to be present The reaction 
to old tuberculin was questionable in 7 and negatnc in 9 Se\cntccn patients were 
proved not to have tuberculosis The old tuberculin provoked no reaction in 10, 
the auto-urinary extract, in 15 Twentv normal persons gave negative reac- 
tions to auto-urinary extract 

In further studies it was observed that a chloroform-ether mixture extracted 
from a water solution, slightly alkaline or acid in reaction, one tenth of a known 
amount of ultraprotein tuberculin This method provided a more simple pro- 
cedure than the v’acuum concentration and dialyration method A modification 
using chloroform-ether extraction was applied as a routine in 166 cases of 
suspected tuberculosis In 44 of the cases the disease was proved to be active 
tuberculosis Old tuberculin gave a negative result m 1 and the auto-urinar} 
chloroform-ether extract a negative result in 5 In 64 of the cases active tuber- 
culosis could not be proved The reaction of old tuberculin was negative m 51 
and positive m 13 

These results were not entirely gratifjing but indicate the importance of this 
kind of investigation Efforts were made to isolate the active principle in a more 
highly concentrated and purified form in order to test its specific antigenic nature 
In studies on tuberculin precipitation it was observed that the optimum hydrogen 
ion concentration at which ultraprotcin tuberculin precipitated was /»ii 2 8 It was 
further observed that when urine from persons with active tuberculosis was 
adjusted to pu 2 8 turbiditv frequently developed This reaction was not 
specific, but wiien it occurred m a case of tuberculosis the turbiditv was noted to 
increase in relation to the scvcritj of the disease Urine showing marked turbiditv 
was collected from a tuberculous patient to the amount of 1 000 cc , and the 
tuberculm-hke substance was concentrated and purified bv a benzoic acid method 
This material proved to be highly antigenic, giving specific tuliercuhn reactions 
and specific fixation of complement with seiiims from patients with active tuber- 
culosis and from immunized rabbits 

Further studies are being earned out on the isolation of this tubtrculin-like 
substance from urine bj absorption methods 
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The Course of Rheumatic Hermit Disease A C DeGrafi and C Liagg, 
Am Heart J 10 459, 1935 

The course of rheumatic heart disease is described as observed m 644 patients 
who are dead in a total of 1,633 patients coming under observation in the ten 
j'ears up to 1931 Of these patients 55 8 per cent were males and 44 2 per cent 
were females Rheumatic heart disease usually existed alone (94 5 per cent) and 
was seldom combined with other etiologic types (5 5 per cent) This disease 
was m the mam one of childhood and early adult life, for it occurred and ran 
its course chieflj within the first four decades of life The proportion of suf- 
ferers more than 40 jears of age was small Three-fourths of those who sur- 
vived to adult life were dead before the age of 40 The average age at the time 
of the initial infection was 17 years, that at the time of the first sj'mptoms of 
cardiac insufficiency was 28 years , that at the first appearance of heart failure 
was 30 years, and that at death was 33 vears Stated in another way, the 
average patient was infected at the age of 17 but was free from symptoms and 
able to carry on ordinary physical activity for eleven years He then began to 
suffer from diminished cardiac reserve culminating in heart failure two years 
later From this time on until death three years later he was wholly an invalid 
or at least, in most cases, seriously incapacitated The period of economic use- 
fulness of the person afflicted with rheumatic heart disease was, on the average, 
not more than eleven years after the initial rheumatic infection, m most cases 
It was less than nine years Once symptoms of cardiac insufficiency appeared 
heart failure and death followed rapidly Fifty per cent suffered their first symp- 
toms and failure and died within a period of from sixteen to twenty years, or 
between 20 and 40 years of age, the years of early maturity To see even ter- 
minal stages of this disease after the age of 50 years was not a common experi- 
ence Death usually occurred as the result of heart failure, but life was shortened 
in a fair proportion of cases by such conditions as subacute bacterial endocarditis, 
pneumonia and other diseases Authors’ Summ\r\ 


Latent Cardiac Complications Foi lowing Sydenham’s Chorfa H Schwarz 
and S D Leader, Am J Dis Child 49 952, 1935 

Seventy-five cases of so-called pure chorea were observed for from one to 
twelve years for evidence of cardiac involvement The term “pure” is used to 
describe chorea m which no other manifestations of rheumatism were noted 
clinically Cardiac involvement was diagnosed by physical signs, roentgenograms 
and electrocardiograms The roentgenographic evidence was remarkably constant 
and corresponded well with the physical findings, occasionally, positive roentgeno- 
graphic evidence was found in cases m which the physical findings were of no 
significance The longer the period of observation after the first attack of chorea 
the higher was the percentage of cardiac involvement after seven or eight years 
the percentage apparently approached 100, although the number of cases studied 
is too small to permit a definite statement The signs of cardiac involvement 
developed insidiously, without recognizable attacks of rheumatic fever and in some 
cases without further attacks of chorea In this series aortic murmurs, pericar- 
ditis and subcutaneous nodules were never encountered It seems probable that 
what IS said of rheumatic fever mav also be said of chorea “The heart is always 
involved ” This probable cardiac involvement is added evidence that Sydenham’s 

chorea is of rheumatic origin „ a > r- 

® hROM THF Authors Summary 
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HrMORRiiAGic EuctPiiAUTis \ B Bakiu, Am J Path 11 185, 1935 

Twenty fatal cases of encephalitis with hemorrhagic changes in the brain are 
described In one case the brain tissue was virulent on inoculation in the brains 
of rabbits Baker belieies that hemorrhagic encephalitis is a distinct disease 

Antigrowtii Effict of Lipoin Fractions or Tissor Extracts F A 
McJunkin and J Hlnrv, Am J Path 11 353, 1935 

The lipoids of organs exert an antigrowth effect on the kidne\ and Iner on 
injection into joung rats The action is potent, since the quantitj contained in 
0 5 Gm of fresh kidnej is effective, the inhibiting substance is probabis in the 
phospholipid fraction, it is not specific, is not limited in its action to one or 
more organs and is widch distributed in the bodj An explanation of the func- 
tion of lipoids in the regulation of cell growth must await inicstigation of other 
factors concerned in nuclear division 


ThL Cl HUIROSPINAI FlUlll IX’ Exi'FRlMl XTAl PoilOMSFllTIS OF AfvCtCUS 
Rhesls klACRicL Brodii aiid Birnard WoRTis, Arch Neurol & Ps\chiat 

32 1159, 1934 

Brodie and Wortis studied the spinal fluid of over one hundred rhesus mon- 
kejs experimentally inoculated with poliomyelitis virus and compared their obser- 
vations with those on the spinal fluid of normal monkeys In the earlv stages 
of the disease the spinal fluid usuallv showed predominance of polv morphonuclcar 
cells, with the onset of paralysis there was an excess of Ivinphocytes In some 
cases the cell count was normal, and it was not as a rule influenced by tlie stage 
of the disease (preparaly tic, paralytic or extreme paralvtic) In the mild non- 
paralytic type the cell count became normal m from three to ten days, and in 
severe forms, within the fourth week after the onset of the paralvsis Pleocvtosis 
developed in from twelve to thirty -six hours after an incubation period ot from 
three to seven days followed by a rise of temperature (2 to 6 F ) Sv mptoins 
of involvement of the central nervous system appeared either immcdiatelv or 
within forty-eight hours or even later An important pathologic observation was 
that though the meninges were involved the pnmarv lesion was m the spinal 
cord In general, the clinical types of experimental myelitis and their serologic 
features were similar to those observed m man The rcspiratorv quotient for 
animals mtraccrebrally inoculated with poliomyelitis was found to be normal — 
the spinal cord of such animals was able, for instance, to oxidize dextrose 

Gforgf B H vssin 

Changes ix’ the Cfrfbrai Cortfx Produced d\ Thermocoagulvtiox J G 
Dusser df Barfxxf and H M Zimjiermaxn, Arch Neurol & Psvchiat 

33 123, 1935 

Dusser de Barenne demonstrated that tlierinocoagulation of the cortex causes 
local destruction of the ganglion cells of the superficial lamellae In acute states, 
with a survival period of from seven to twelve davs, only the ganglion cells are 
destroyed, m chronic experiments, with the application of a temperature of 80 C 
and a survival period of four months, the glial and mesodermal elements also 
are destroyed Aside from the time element, the degree of heat used is of impor- 
tance Thus, a temperature of 65 C applied locally to the cortex for two seconds 
causes destruction of two outer layers, applied for three seconds, it causes addi- 
tional destruction of a portion of the third layer A temperature of 70 C applied 
for three seconds destroys three outer layers and when applied for four seconds 
affects four outer lamellae Application of a temperature of 50 C for half a 
minute also produces destruction of the ganglion cells, but there are marked 
reactive proliferation of the glial and fibroblastic elements of the upper three 
lamellae and preservation of some pyramidal cells of the deeper portion of the 
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third la^er As chronic thermocoagulation of 80 C produces in contrast complete 
devastation of the thermocoagulated cortical tissues without subsequent postopera- 
tive irritation, the authors suggest thermocoagulation as a method of tieatment 
for cortical epilepsy when excision of cortex is indicated 

Gforge B Hassin 

Hypothermia in Hypothaiamic Lesions C Davison and N E Selby, Arch 
Neurol &. Psychiat 33 570, 1935 

A man aged 31 presented adiposogenital dvstroph> combined with polydipsia, 
polyuria and prolonged hypothermia The average temperature for three months 
was 93 F , the minimum (rectal) was 907 F , the maximum, 96 6 F Immersion 
in a hot water bath (108 F ) caused a rise in the oral temperature to 100 1 F , 
immersion in a cold bath, to from 93 2 to 94 2 F Necropsy revealed a hemor- 
rhagic tumor (angioma) between the floor of the third ventricle and the sella 
turcica It extended from the optic nerve to the mamillary bodies, enclosed the 
chiasm and optic tracts and destroyed, among other structures, many hypothalamic 
nuclei but spared the pituitary body The nuclei of the tuber cinereum were 
destroyed completely, while the vegetative nuclei in the region of the mamillarv 
body were only partly destroyed The partial destruction of the paraventricular 
and supra-optic nuclei is thought to have been the cause of the slight polyuria 
and polydipsia George B Hassin 

The Effect of Hypothalymic Lesions and Stimulation of the Autonomic 
Nervous System on Carbohydrate Metabolism L Davis, D Cleveland 
and W R Ingram, Arch Neurol & Psvchiat 33 592, 1935 

The authors studied carbohydrate metabolism m cats m which they had dam- 
aged the pancreas, hypothalamus and sympathetic nerves They used the Horsley- 
Clarke stereotaxic instrument to make lesions in the hypothalamic region with 
precision Removal of the pancreas m hypophysectomized cats does not produce 
hyperglycemia or glycosuria, but in those with a lesion of the tuber cinereum it 
was followed by pancreatic diabetes In a series of cats hypothalamic lesions 
were made first and the pancreas was removed some weeks later Temporary 
hyperglycemia followed the bilateral, symmetrical destruction or irritation of the 
hypothalamus, and in such animals pancreatectomy also caused temporary hyper- 
glycemia followed by normal metabolism of sugar Stimulation of the superior 
cervical sympathetic ganglion or of the stellate ganglion in cats produced hyper- 
glycemia and glycosuria, which were not present in animals m which the splanch- 
nic nerves had been removed B Hassin 

Corticospinal Fibers Arising in the Premotor Area of the Monkey E C 
Hoff, Arch Neurol & Psychiat 33 687, 1935 

By studving the degeneration of terminal buttons (boiiions tciminmiv) in the 
spinal cord following experimental lesions of the premotor area m monkeys Hoff 
could demonstrate that this area gives rise to a separate system of corticospinal 
fibers The degeneration of the terminal buttons in the spinal cord is bilateral, 
IS usually limited to the base of the dorsal horns, and is predominantly in the 
contralateral side One group of the corticospinal fibers passes superficially from 
the premotor into the motor area Hoff has thus furnished histologic proof that, 
in addition to the motor area, there is a premotor area with a separate group of 
corticospinal fibers ^ 

Corticospinal Fibers Arising in the Premotor Area of the Monkey M A 
Kennard, Arch Neurol & Psychiat 33 698, 1935 

Kennard studied ivith the method of Marchi the system of so-ealled nonpyra- 
midal corticospinal fibers These originate in the so-called premotor area (Brod- 
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mann’s area 6), ablation of \\hicli m iiioiiktss un anabh caused descending 
degeneration of these fibers J heir course is along w ith the p\ rainuhl tracts to 
the lower lumbar levels of the spinal cord, contnlateralK and ipsihteralK The 
degeneration was especialh heave after extirpation of both the motor and pre- 
motor areas, but no degeneratne fibers were found in the ventral columns alter 
destruction of the premotor area alone Gioiu.i B IIa'-sin 


Thi Hiaiim, 01 AimnciAi Dmers oi Tnr Diomnai Mucosa II W 
noRiv and II E IlAUiiiNn, J Path t'L Bact 40 211, 1935 

Brunner’s glands are found to regenerate, but on regeneration thev occupv for 
the most part the region of the crvpts of Licberkuhn instead ot their usual sub- 
mucosal site 1 he duodenal mucosa gives rise to the superfici d tvpe ol gastric 
epithelium, which probabiv arises from Brunner’s glands 1 he possible significance 
of tins is mentioned Pkom tmf \itiious’ Sumvivuv 

Till PiTtiTAUv Giam) IX Amiisox’s Disiasi \ C Ckoom and D S Rtssni, 
J Path & Bact 40 255, 1935 

A. rcduetion in the number of the basophil cells is considered to be a constant 
change and the most significant change in the other ductless glands following 
destruction of the adrenal cortex in Addisons disease It is suggested that this 
reduction is the cause of the low blood firessure and jKissiblv of the hv jvogKccmia 
III this disease 


HArMocaonixocitoiiA IX Toxic CoMiiTioxs R Muir and I F J Path 

sA Bact 40 335, 1935 

After admmistration of various poisons to rabbits hemoglobin m small amounts 
can be detected in the bile of the gallbladder This occurs both with poisons 
which lead to hcmoglobincmia and with those which have not this effect The 
hemoglobin has been detected onlv bv the Kastlc-Mcver reaction, but when some 
time has elapsed after the death of the animal hemoglobin iiiav be present in such 
amount as to give distinct spectroscopic bands This is appareiitlv the result of 
the action of the bile salts on the erv tlirocv tes within the vessels of the gall- 
bladder mucosa In cases in which hemoglobin has been found in the bile in the 
gallbladder it has been detectable also in that of the common bile ducts , its origin 
IS, at least m part, hepatic These results with the negative results m pure hemo- 
globinemia indicate that the hemoglobinochoha is due to damage of the liver with 
escape of a few ervthrocytes into the bile capillaries Such damage in var 3 ing 
degree may be found in phosphorus poisoning but has not been demonstrated in 
other conditions in which hemoglobin occurs in the bile 

From tiif Authors Summvrv 

Aufr’s Bomrs in Monocvtic Liukimia J C Hawksifv, J Path & Bact 
40 365, 1935 

The significance of these bodies remains unexplained They appear to be 
commoner in the more immature cells and maj' be due to some rare abnormality 
m cell metabolism peculiar to leukemic cells They are not pathognomonic of anv 
type but are of doubtful occurrence in h’mphocvtic leukemia It is possible that 
further investigation of the bodies m^iy link certain cases of leukemia which at 
present appear not to be closely related 

Cultures oi Lfukocvtes ix* Vitro G D Bfionovskv, Arch internat de med 
exper 9 367, 1934 

In tissue cultures of human blood from a single clot variations in the type of 
leukocytes predominating commonly occur If transplanted frequentlj' the cultures 
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can be kept alive for as long as three months In cultures of blood from persons 
with active tuberculosis there is rapid formation of leukocytes, which die sooner 
than those from normal blood Tuberculin added in small amounts to cultures 
destroys the cells of blood from tuberculous patients but shows little or no effect 
on normal blood cells Cultures of leukocytes inoculated with virulent tubercle 
bacilli are protected, to some extent, by a previous inoculation with BCG Cul- 
tures of leukocytes from patients with scarlet fever are also characteristic, show- 
ing an increase in eosinophils and many dead cells after forty-eight hours of 
cultivation There is evidence that Bacillus coli may be transformed into Bacillus 
typhosus by cultivation m symbiosis with human cells The effect of various 
mineral waters on cultures of leukocytes is being investigated 

Ralph Fuller 

Rflation of Hlalth to Solar Eruptions Trautl and B Dull, Virchows 
Arch f path Anat 293 272, 1935 

Traute and Dull review the literature dealing with the relation of human 
disease and death to meteorological conditions They criticize the statistical 
methods used by medical writers in the analysis of meteorological data and the 
deductions drawn therefrom , they claim that medical writers are not sufficiently 
familiar with the newer knowledge of geophysics and astrophysics Such corre- 
lation as has been found between weather conditions and disease and death is not 
proof of the dependence of the latter on the former, both are coordinate mani- 
festations of solar phenomena For the medical reader a discussion is presented 
of electronic invasion of the earth’s troposphere during the sudden eruptions that 
occur in the so-called M regions of the sun’s surface The commonest manifesta- 
tion of such electronic invasion is a disturbance of the earth’s magnetic field 
Thirty-six thousand deaths occurring m Copenhagen m the five year period from 
1928 to 1932 and four thousand m Zurich were analyzed with reference to these 
solar phenomena A regularly cyclic heaping of deaths every twenty-seven days 
was observed From the analysis of the data it was possible to predict the time 
after periods of solar activity when deaths in various disease groups would 
increase The effects of solar activity on the human organism are ascribed to 
the action of rays of characteristic wavelength emitted by the sun during periods 
of eruption q T Schultz 

Formation or Bilirubix in Tissue Cultures or Spleen S Sumegi, M Csaba 
and E von Balogh, Virchows Arch f path Anat 293 320, 1934 

Previous work had led to the conclusion that the formation of bilirubin in 
tissue cultures of spleen is the result of vital activity of cells of the reticulo- 
endothelial system and not of an extracellular ferment as has been held by many 
Further work on tissue cultures confirmed the authors’ previous findings Potas- 
sium cyanide, alterations m hydrogen ion concentration and toxins influenced the 
formation of bilirubin adversely only when they interfered with cellular activity 
and growth Tissue of a spleen that had been subjected to reticulo-endothehal 
blockade before explantation grew in culture, but bilirubin formation was diminished 
because of the decreased vital activity of the blockaded cells Bilirubin was not 
formed m sterile mixtures of blood and cerebrospinal fluid, contrary to others’ 
findings which have been interpreted as evidence of extracellular ferment activity 

O T Schultz 

Effect of Ionized Air on the Leukocvtic Biood Picture of Guinea-Pigs 
W N Nfkludow et al, Virchows Arch f path Anat 293 438, 1934 

An apparatus was devised by means of which positively or negatively ionized air 
at a uniform temperature could be delivered to a chamber in which guinea-pigs 
were kept Short exposure to negatively or positively ionized air caused^emporary 
leukopenia, monocvtosis of short duration and transient increase in pseudo-eosin- 
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ophils Prolonged exposure to negatively ionized air caused leukocytosis, chronic 
relative monocytosis, which is ascribed to activity of the reticulo-cndothehal s\stein, 
and decrease in the percentage of hmphocytes q "p 


Blue Sclera J Hirsciimank, Ztschr f klin Med 126 71S 1934 

In four of SIX families with blue sclera there was defectne de\clopment of 
bone, cartilage, ligaments, connective tissue and hematopoietic and lymphatic organs 
Dominant inheritance of blue sclera in the male members of the family was shown 
in a pedigree of five generations From the Authors Summarv 


Pathologic Anatomy 

Localization or Cvrdiac Infarcts Acconnixo lo Compoxlnt Vlntricul/Vr 
Muscles J S Robb J G F Hiss and R C Robb, Am Heart J 10 
287, 1935 

Certain coronarj branches aie “end arteries” to the individual ventricular 
muscle bands If such end arteries arc ligated the resulting infarcts affect the 
electrocardiogram consistentlj Elimination of either or both of the superficial 
muscles alters the hlood pressure little or not at all Elimination of cither of the 
deep muscles causes a marked fall in blood pressure, and if the lesion is large 
death is immediate These results cannot be explained according to present-dav 
conceptions of the physiologj of conduction 

From tiif Altiiors’ Coxciusioxs 

Pathoiogv or Coronarv Sen rosis T Lfvrv, Am Heart J 10 328, 1935 

From this study of the lesions of coronarv sclerosis it is evident that the 
pathology of the disease as given in most textbooks needs to be rewritten The 
pathoiogv 111 these works is based on cases of coronarv sclerosis in which the 
patients were hospitalized and in which secondarj changes, including infarction 
with associated inflammatory reactions, tended to obscure the picture The material 
for the present investigation came from patients with early lesions or from patients 
who literallj^ “dropped dead ” This permitted studv of the primarv process 
uncomplicated by secondary reactions These studies demonstrated that the stand- 
ard lesion in coronary sclerosis is atherosclerosis, that the lesions arise from the 
entrance of lipoids into the subendothelial layer of the intima and from their 
phagocytosis by cells referred to herein as lipoid cells In the voung the pres- 
ence of these lipoid cells stimulates growth of fibrous tissue As a result, the 
standard picture m coronarj disease m the joung is fibrosis with narrowing of 
the lumen of the artery Death is usually due to thrombosis In the old the pres- 
ence of lipoid cells does not stimulate fibrosis The cells accumulate m laige 
masses, the nutrition of which becomes inadequate Necrosis and autoljsis result 
m liquefaction of the cell masses, and atheromatous “abscesses” result Death is 
usually due to the rupture of an atheromatous “abscess” into the lumen It is pos- 
sible to reproduce the lesions of coronar}' sclerosis m experimental animals bj 
feeding the lipoid cholesterol, which makes up most of the lipoid content of athero- 
sclerotic lesions The lesions, natural and experimental, are primarily intimal and 
hpoid Lesions of the elastica and media are secondary Inflammatory reactions 
are late phenomena following necrosis and are not an essential part of the picture 
Atherosclerosis is a disease due to disturbances m the cholesterol metabolism and 
belongs with the other metabolic diseases diabetes (carbohjMrates), gout 
(purines) and obesity (fats) From the Author s Summary 

Acute Eosinophilic Leukemia D J Stephens, Am J M Sc 189 387, 1935 

A patient with acute eosinophilic leukemia is described The clinical and 
pathologic features of the disease are similar to those observed in other types of 
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acute leukemia except for the type and maturity of the affected cell group 
Evidence of extramedullary production of eosinophils is presented (a high pro- 
portion of myelocytes to adult eosinophils and large numbers of immature mono- 
nuclear cells m the spleen, lymph nodes and portal spaces of the liver) Lack of 
adequate neutrophilic myelopoiesis was reflected m the scarcity of neutrophilic 
granulocytes in the necrotizing inflammatory exudates, which were composed 
chieflv of adult eosinophils From the Author’s Summary 


The Hemopoietic Tissues in Hemophilia R P Custer and E B Krumb- 
HAAR, Am J M Sc 189 620, 1935 

Three fatal cases of hemophilia with necropsy are reported m one death 
occurred from uncomplicated hemorrhage, m one from appendicitis and hem- 
orrhage, and m one from fulminating pneumonia The hematopoietic tissues all 
showed normal regenerative ability , in the first two cases this was predominantly 
erythroblastic and in the third it was leukoblastic All three showed a marked 
increase of megakaryoblasts and megakaryocytes m the bone marrow, indicating a 
relationship of the blood platelets to the hemophilic process J H Wright’s 
observation of platelet formation in the sinusoids of the bone marrow from intrud- 
ing pseudopods of megakaryocyte cytoplasm was supported by the present findings 

From the Authors’ Summary 

Etiolocic and Pathologic Factors in Poiycythemia Vera P Reznikoff, 
N C Foot and J M Bethea, Am J M Sc 189 753, 1935 

Of 134 patients suffering from polycythemia vera about 48 per cent were 
Jews born in eastern Europe The records of these patients were obtained from 
SIX institutions m which the average incidence of members of this racial and 
national group was under 10 per cent Seven specimens of bone marrow from 
patients with polycythemia vera showed distinct capillary thickening, probably 
fibrosis, and 6 of these showed in addition marked subintimal and adventitial 
fibrosis of the subarteriolar capillaries, arterioles and arteries Of 62 control 
specimens only 3 of 5 specimens of agranulocytic bone marrow showed slight 
thickening of capillaries, probablv due to edema The rest showed no change 
from the normal In the cases of general arterioscleiosis or artenolosclerosis 
medial fibrosis was evident The vascular changes, especially those of the capil- 
laries, of the bone marrow m patients with polycythemia vera suggest the possi- 
bility that these lesions may result in anoxemia of the bone marrow with 
compensatory or excess compensatory polycythemia 

From the Authors’ Conclusions 

The Myocardial Aschoff Body L Gross and J C Ehrlich, Am J Path 
10 467 and 489, 1934 

The authors have investigated the clinical histones and anatomic material in 
seventy cases of uncomplicated rheumatic fever m which Aschoff bodies were 
present in the myocardium They suggest a classification of Aschoff bodies based 
on the appearance and distribution of the collagen, argentophil fibers, cell cyto- 
plasm and cell nuclei This classification includes seven types of Aschoff body, 
which apparently bear some relation to the life cycle of the lesion Each type is 
described and is considered to possess sufficient characteristic features to identify 
it as an Aschoff body specific for rheumatic fever 

It appears that the Aschoff body passes through three stages in development 
The earliest phases, represented by the small cell coronal body and the reticular 
body, have been found to occur up to the fourth week after the onset of the 
illness The middle phases, represented by the large cell coronal, the syncytial 
coronal, the mosaic and the large irregular cell polarized Aschoff body, have been 
found to occur between the fourth and the thirteenth week after the onset of the 
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illness The late phases are represented by polarized Aschoff bodies, which occur 
from the ninth to the sixteenth week after the onset of the illness, and subsequently 
by fibrillar Aschoff bodies, which occur after the thirteenth week The earliest 
specific lesions are apparently influenced in their response by the reactivity of the 
tissue, depending on whether there has or has not been a previous attack of 
rheumatic fever, and also by the state of the collagen present in the interstices 
between the myocardial bundles As a consequence, the evolution of these lesions 
may follow one of two mam courses, determined by the initial lesion The latter 
may occur in the form of the reticular or of the small cell coronal Aschoff body 
The final phases of the life of the Aschoff body are common to both mam courses 
Dividing the material into four groups representing different clinical courses, there 
appears to be some change both in the incidence of the tvpes of Aschoff bodies 
in the myocardium and in their localization The findings reported here, however, 
can by no means be considered as furnishing sulficient statistical evidence on which 
to base final conclusions T. hat the tempo of the life cj cle maj be considerably 
faster or slower than has been described in this report seems probable Some 
of the stages in the life cycle may be absent in some cases, abbreviated in others, 
or, indeed, may appear m the re\crsc order from that which we have suggested 
These facts can be determined wuth greater accuracj only after a much more 
extensive series of cases has been examined and, in the last analysis, must await 
confirmation by the transmission of this disease to animals, attempts at which 
have thus far been unsuccessful It is hoped that further studies w'lll be made m 
order that some of these interesting relations ma}' be placed on a firmer footing 

From thl AijTiiors’ Summaries 

The Parathiroid in’ Hiperparvthvroidism B Castieaian and T B Mal- 
lory, Am J Path 11 1, 1935 

The pathologic findings m the parathyroid glands in hj perparathj roidism may 
be divided sharply into two types hyperplasia and neoplasia The hvperplasia is 
characterized by diffuse uniform involvement of all the glandular tissue It occurs, 
how'ever, in two forms a water-clear type and a much rarer chief cell tjpc 
A localized tumor of a single gland, part of a gland or rarclj parts of two glands 
IS more logically to be regarded as neoplasia A roughly quantitatue relation 
between the size of the enlarged glands and the degree of hj perfunction exists 
The histology of parathyroid tumors provides confirmatory cMdencc for the 
monophyletic theory of the origin of the various cell types Glycogen, albeit in 
minute amounts, is always present in functioning parathjroid tissue, and the 
concept of the oxyphilic cell as an inactive involution product recewes support from 
a study of the adenomas From the Authors’ Conclusions 

Hepatic Infarction H Lund, H L Stewart and M kl Lieber, Am J Path 
11 157, 1935 

Seven cases are described which illustrate the red, the pale and the organizing 
phases of the hepatic infarct An instance of what is possibly a healed infarct is 
described also Twenty cases of hepatic infarction reported in the literature are 
summarized 

Lesions of the Coronary Arteries in Rheumatic Fever L Gross, M A 
Kugel and E Z Epstein, Am J Path 11 253, 1935 

A description has been presented of lesions m the mam coronary arteries and 
their branches occunng in active and inactive rheumatic fever, together with a 
statistical indication of the frequency of their occurrence, the sites of predilection 
and a comparison of the findings with those in normal controls The lesions in 
the myocardial branches have been classified under a number of different headings 
Under four of these the lesions are similar to the evolutionary changes correspond- 
ing to advancing age found in the normal controls Several of the remaining 
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lesions are so peculiar in their structure as to suggest that they may be specific 
This observation, however, cannot be accepted as final without an extensive search 
for similar lesions in other diseases affecting the myocardium A discussion is 
given of the mechanism concerned in the development of these lesions, of their 
possible relation to the development of the arteriosclerotic process and of their 
clinical significance From tiil Authors’ Summary 

Endomltriosis of the Umbilicus C V Wlller, Am J Path H 281, 1935 

With over seven hundred cases described in medical literature the umbilicus 
can no longer be considered a rare location for endometriosis Smooth muscle is 
commonly not present in endometriosis of the umbilicus and is not an essential 
element m these formations The term “adenomyoma” is altogether inappropriate 
The sweat glands, which have been mentioned repeatedly in connection with 
umbilical endometriosis, have no part in the genesis of the condition The origin 
of umbilical endometriosis is explainable only with the greatest difficulty under 
the theories that it may result from implantation or metastasis but is readily under- 
standable under the various modifications of the serosal theory 

From the Author’s Conclusions 

The Ectopic Decidual Reaction and Its Signhicance in Endometriosis 
C V Weller, Am J Path 11 287, 1935 

The subserous stromal cells must possess pluripotentiahty m differentiation 
Under the influence of suitable but dissimilar stimuli either the “cytogenic” stroma 
of endometriosis or the decidual reaction may result If the former develops, it 
in turn may subsequently be induced to become decidual In the decidual reaction 
the mesothelial cells do not appear to take any part They he apparently unchanged 
on the masses of the decidual cells While not properly germane to the subject 
of this paper, it must be assumed that the surface mesothelial cells likewise possess 
latent potentiality in differentiation and that from them, particularly when they 
are entrapped in adhesions or in scar tissue, and again when they are under the 
stimulus of a hormone, the epithelial elements in endometriosis are derived 


Cystic Disease of the Kidneys E T Bell, Am J Path 11 373, 1935 

Polycystic kidney is found once in about every five hundred necropsies, and 
in from 5 to 10 per cent of the cases it is unilateral In the autopsy service ot 
the department of pathology of the University of Minnesota about one third of 
the cases were observed in infants, the majority of whom were stillborn The dis- 
ease is always congenital There are relatively few persons between infancy and 
the age of 25 years who show this condition clinically One may distinguish a 
surgical type in which the patient presents symptoms and signs referable to one 
kidney, viz , pain, tumor, hematuria, infection and so on In the medical type the 
symptoms are those of acute or chronic renal insufficiency, and the functional 
disturbances correspond to those of contracted kidneys The attacks of hematuria 
are, however, distinctive Edema is rarely prominent, and cardiac failure is 
unusual The systolic blood pressure is 150 mm of mercury or higher m over 
50 per cent of the cases that have been reported, and hypertension is somewhat 
more frequent in advanced than m early stages of the disease Cardiac hypertrophy 
often develops but is much less pronounced than in primary hj^pertension Retinal 
changes of the hypertensive type may be found, especially in those with very high 
blood pressure Some patients live many years after symptoms have developed 
When the renal reserve is low, i e , in advanced cases, pregnancy causes tj pical 
nephritic toxemia, but causes no disturbance when the renal reserve is good 
There is abundant evidence that polycystic renal disease has a strong hered'itary 
tendenc> The pyelogram is of great diagnostic value when the diagnosis is other- 
wise difficult In the new-born group the outstanding structuial changes are the 
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numerous cysts, hypoplasia of the parenchyma, i e , a great reduction m the 
number of nephrons, and an excessive amount of interstitial connectue tissue 
The numerous “glomerular” cysts arc interpreted as vestigial structures derived 
from the first three or four generations of tubules In the subchnical group there 
is abundant renal parenchyma between tlic cjsts, while m the clinical group the 
parenchyma may be reduced to a few small scattered islands The progressive 
atrophy of the parenchyma is brought about chicfiv by continuous expansion of the 
cysts Arterial disease plays a minor role in this process, except in the occasional 
case in which true primary hypertension is superimposed on the cystic disease The 
arteries usually show marked intimal thickening, which is attributed chiefly to 
disuse atrophy but partly to hypertension Medial fibrosis in the arteries is 
explainable on the basis of age The arterioles show no marked intimal disease 
except when primary hypertension is a complication However, they often show 
marked medial fibrosis This process is not true artcnolosclerosis Kampmcicr’s 
theory of the origin of the cysts is favored One case is described in which com- 
pensatory dilatation of persistent tubules in a hypertensive contracted kidney caused 
it to resemble the true congenital cjstic kidnej 

Fuom Tnr Autiiou’s Svimmauv 

Simple Silicotic Pkoclss or riir Lung F W Simson, J Path & Pact 40 37, 
1935 

A technic for the construction of models of discrete simple silicotic nodules 
with their anatomic relations is described From these and from serial sections 
of the nodules the following observations have been made In the slowly develop- 
ing type of simple silicosis as seen in the lungs of the Witwatcrsrand miner, 
Transvaal, South Africa, the discrete nodule is a sharplj defined lesion involving 
a limited area of tissue in relation to the respiratory bronchioles and the proximal 
part of their continuation, the alveolar ducts There is no evidence of “beading" 
of the larger blood vessels and bronchi from proliferative changes in the related 
Ivmphoid tissue The silicotic nodule is composed of a mass of pigmented loose 
diffuse fibrous tissue and one or more whorled hyaline islets, which arc usually 
situated in the angle formed where a terminal bronchiole divides into two 
respiratory bronchioles The latter pass through the peripheral cellular zone of 
fibrosis surrounding the islets, and at this point usually show definite stenosis 
of varying degrees The terminal air passages are accompanied by branches of 
the pulmonary artery but not by branches of the corresponding vein Parts of 
these terminal arteries are incorporated m the fibrosis of the silicotic nodules but 
show, as a rule, no evidence of stenosis The alveolar tissue in the immediate 
neighborhood of the discrete silicotic nodule almost invariably shows well marked 
emphysema From the Author’s Summary 

The Incidence or Thrombosis at Npcropsy H Bela, Virchows Arch f path 
Anat 292 629, 1934 

The necropsies in the city hospital at Kiel, Germany, for the years 1913 to 
1933 were subjected to statistical analysis to determine the correctness of the 
assertion that the incidence of venous thrombosis has increased since the World 
War In 6,581 necropsies thrombosis was encountered 926 times (14 07 per cent) 
Pulmonary embolism was observed m 972 per cent of the necropsies Beginning 
in 1919 there was a steady increase m the number of cases of thrombosis, the 
maximum being reached in 1928 with a figure 8j4 times the average for the years 
preceding 1919 Since 1928 there has been only a very slight decrease Thrombosis 
occurred about equally in the two sexes and was more frequent after 45 years 
of age Thrombosis occurred with very great preponderance in the veins of the 
lower extremity and of the pelvis Infection was the most constant single factor, 
with disease of the circulatory system and neoplasia ranking next In the pul- 
monary embolism resulting from thrombosis the right lung was involved more 
often than the left and the lower lobes more often than other parts of the lungs 

O T Schultz 
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Arteriosclerosis in Sweden Helge Sjovall siid Gunnar "W^ihman, Acta 
path et microbiol Scandinav, supp 20, 1934, p 1 

This study is the Swedish contribution to the conference on arteriosclerosis 
under the auspices of the International Society for Geographic Pathology The 
material comprises 1,075 cases from Stockholm and 305 from Lund Macroscopic 
and microscopic studies were carried out on the most important arteries No 
marked differences were noted between the two groups as concerns severity and 
frequency of arteriosclerotic changes In Lund the women showed a somewhat 
greater incidence of arteriosclerosis than the men, owing perhaps to more strenuous 
work The most severe arteriosclerotic changes were found in the abdominal aorta 
The arch of the aorta was second in order of frequency and extent of involvement 
In the coronary arteries the descending branch of the left coronary artery is most 
often involved, and men show earlier and more severe changes in this vessel 
than women The abdominal arteries showed a comparatively low incidence and 
slight change, the splenic artery being most severely involved 

An increase in the average weight of the heart was noted m association with 
the arteriosclerotic process Fat persons had a more severe type of arteriosclerosis 
than thin persons Tuberculous patients of middle and advanced ages showed 
slight arteriosclerotic changes Gallstones and arcus senilis were associated with 
arteriosclerosis of more than average severity Only mild arterial changes were 
found with cancer 

Microscopically, the arterioles of the spleen, liver, pancreas and kidneys were 
particularly examined Renal arteriolosclerosis was associated with a more severe 
type of macroscopic arteriosclerosis 

The lipoid deposit in the intima was studied in 290 aortas Lipoidosis appears 
to develop in a regular order The intracellular deposits of hpoid occur first, 
next the extracellular deposit in lamellar arrangement, then a mixed form with 
coarse lipoid deposits in the cells, and finally a typical atheroma The slightest 
macroscopic change was associated with intracellular lipoid deposits 

Jacob Klein 

Microbiology and Parasitology 

Group Infection and Immunity During a Scarlet Fever Epidemic in a Boys' 
School B Zuger, Am J Hyg 21 588, 1935 

An epidemic of 12 cases of scarlet fever in a school population of 325 boys was 
studied During the year of the epidemic twice as many cases of acute tonsillitis 
occurred as during a similar period of the year before when an epidemic of 
influenza was present Also there were 6 cases of rheumatic fever as compared 
with 1 case the year before Seven strains of Streptococcus haemolyticus were 
isolated from boys with tonsillitis and 3 from healthy earners The toxin produced 
by 1 strain from each of these groups was subjected to neutralization tests The 
reactions m both instances were similar to those of Streptococcus scarlatinae 
The carrier rate in the healthy population during the epidemic varied from 6 to 
20 per cent and two months after the epidemic was still 19 per cent However, 
the actual numbers of hemolytic streptococci found in the individual cultures two 
months after the epidemic were much smaller than during the epidemic The tite- 
of antistreptolysin was more often elevated in the cases of tonsillitis and sore 
throat without a rash than m the cases of clinical scarlet fever It was not elevated 
to any extent in healthy carriers or in the general population exposed to the 
epidemic During the two month period of the epidemic half of the boys who had 
positive reactions to the Dick test at the beginning gave negative reactions 
toward the end without having contracted clinical scarlet fever 

From the Author’s Summary 
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Softening or Tiir CAsroas Turn uci I and Iis Ri slits E R Long, J A M A 
104 1883, 1935 

Tuberculosis in its epidemiological aspects has its source in a specific jiatiiologic 
phenomenon softening of the caseous tubercle 

This phenomenon has long been recognized but not commonly identified as a 
specific pathologic process, distinct from caseation 

The significance of softening of the caseous tubercle for cpideiniologc lies m 
the fact that associated with it is an cnonnous multiplication of tubercle bacilli 
The latter are commonly hundreds or thousands of times as numerous in tlic 
semihquid contents of softening caseous nodules as in the necrotic w ills of old 
cavities 

Three t3^pes of case (illustrated bj' reports in this article) ma} be distinguished 
m a general w'ay on the basis of the number of Iiacilh in the softening regions 
a chronic t3'pe wnth a moderate concentration of bacilli in the softening lesions, an 
intermediate type and an acute t3pc with \ast numbers of bicilh 

The fundamental nature of the process of softening is still unknow'ii It is 
not equivalent to suppuration Attempts to put it on an allergic Iiasis ha\c not 
been entireb successful 

The softening tubercle should rccei\c more clinical consideration Successful 
treatment of tuberculosis b3 collapse of the lung owes its fa\orablc outcome as 
much to the prevention of drainage of hquef\mg tubercles as to the obliteration 
of large cavities Lung collapse improperK applied, particularly with excessive 
pressure, even w'hen olwious cacities are obliterated, 11133 result unfa\orabl3 through 
expulsion of highly infectne liqucf3ing matter into tributar3 bronchioles The most 
appropriate collapse, as far as the softening tubercle is concerned, is that which 
stops motion of the lung and partiall3 or complete^ obliterates the small 
bronchiolar outlets from the hqucf3ing masses 

Fiiov TIN Altiior’s Slmmar\ 

Toxic Serum Extracts or I Iemoi 'v TIC Stri FTO coccr J T Who, J Exper Med 
61 473, 1935 

The same growth of the hemol>tic streptococcus ma3' be subjected to extraction 
SIX times in tw'o da3s with untreated inactivated scrum w'lth no loss in potenc3 
of the later extracts if it is kept frozen solid during the night between the extrac- 
tions The serum-extracted toxins of the hcmol3'tic streptococcus can be preser\ed 
without deterioration for at least six montlis if kept frozen solid No toxins 
stronger than those containing 10 units per cubic centimeter for mice ha^e been 
prepared Reasons for thinking tliat this is due to saturation of tlie scrum wnth 
the toxin at this point are given Half saturation wntii ammonium sulphate pre- 
cipitates practically all of the hemotoxm m a preparation Scrum extracts w'cre 
made from strains of the hemolytic streptococcus other than the Ga\ strain, and 
attempts w'cre made to con elate the virulence and tlie production of toxin from 
each strain No such con elation could be established The principal pathologic 
observation in mice inoculated w ith the scrum-extracted toxin of the streptococcus 
is a marked degeneration of the tubulai epithelium of the kidney 

From the Author’s Summary 

SuRvivAi OF Encephalitis Virus (St Lours T\pe) in Anopheles Quadri- 
MACULATUS L T Webster, A D Clow and J H Baufr, J Exper Med 
61 479, 1935 

Mosquitoes of this species, fed on mice m the blood stream of which enceph- 
alitis virus (St Louis type) is present take up and retain the virus for the dura- 
tion of their lives The titer of the virus in the mosquitoes four hours after the3’' 
have become engorged from feeding on mice with a maximum infection of the 
blood stream represents about 10,000 lethal mouse intracerebral doses per mosquito 
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This titer drops during the following two weeks to about 100 lethal doses per 
mosquito, but from the third week to the death of the mosquito it usually increases 
to approximately the original level and remains there The titer of the virus in 
mosquitoes which have become engorged on mouse blood containing smaller 
quantities of virus exhibits the same drop and subsequent rise to the original level 
The virus-containing mosquitoes did not infect mice or monkeys by biting 

Fuom the Authors’ Conclusions 

Hemolttic Streptococcus or Human Origin H K Ward and C Lyons, 
J Exper Med 61 SIS and S31, 193S 

Four common variants of the hemolytic streptococcus of human origin have 
been described These have been designated the F, M, attenuated M, and C 
variants Only the F and M variants have been isolated from the blood stream in 
streptococcic infections Only the M has any primary virulence for the mouse 
Both these variants resist phagocytosis m human blood under suitable conditions, 
and this appears to be a reliable test for human virulence The attenuated M 
variant, found only in laboratory cultures, has a capsule as well developed as that 
of the virulent variant, and yet does not resist phagocytosis The C variant has 
no capsule and is readily phagocytosed It appears to correspond to the avirulent 
variant in other species An attempt has been made to correlate these foui 
variants with those already described in the literature The application of the 
findings to the problem of virulence has been discussed 

An antiserum which specifically protects mice against a virulent culture (M 
variant) of the hemolytic streptococcus contains specific opsonin Phagocytosis of 
the organisms can be observed in the peritoneum of the protected mouse An anti- 
serum prepared by injecting the living M variant into an animal specifically 
opsonizes both the F and M variant of the strain Evidence is presented which 
indicates the probable identity of the specific opsonin and the anti-M precipitin of 
Lancefield Agglutination appears to be dependent on a different antibody It is 
possible to type the hemolytic streptococci by means of specific opsonins, and the 
opsonic method has certain advantages over agglutination, precipitation and mouse 
protection tests It is evident from what little has been done that there are many 
types The serum of infants contains no opsonin for the virulent hemolytic strepto- 
coccus, but the serum of adults may contain specific opsonins for certain strains 
Inasmuch as no opsonins were demonstrable in two polyvalent antibactei lal serums 
the possibilities of therapeutic transfusion are discussed 

From Authors’ Conclusions 

Isolated Outbreak of Epidemic Meningitis G Rake, J Exper Med 61 545 
1935 

The investigation of this isolated epidemic of menmgococcic meningitis at a 
camp of the Civilian Conservation Corps gave an opportunity to examine the state 
of carrier in contacts carrying what were presumably virulent epidemic strains 
of the organism With the aid of Miller’s technic for enhancement of the demon- 
strable virulence of meningococci for mice it proved possible to test the virulence 
of the strains isolated from carriers at Camp Rusk These results were consistent 
despite the interval of from three to four weeks between the isolation of the strains 
and the titrations of their virulence Strains of type I were found to have high 
virulence, while the virulence of strains of type II was moderately high but 
definitely less than that of strains of type I, and atypical strains and strains of 
Neisseria catarrhalis isolated from carriers showed verv low virulence The ques- 
tion of the precise nature of the state of carrier was investigated No evidence 
has been obtained yet as to the existence of a relationship between pharyngitis, 
coryza or disease of the upper respiratory tract and the presence and degree of 
the state of carrier This is unlike the situation with regard to carriers of pneu- 
mococcus On the other hand, it has proved possible to demonstrate reactions 
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within the body to the meningococci in the nasopliarynx, consisting of the formation 
of agglutinins and protective antibodies in the blood serum , 32 3 per cent of the 
serums of carriers of type I and 60 per cent of those of carriers of type II showed 
moderate or good agglutinins for the homologous organisms and 80 per cent of 
the serums of carriers of type I and 40 per cent of those of carriers of type II 
showed moderate or good protective antibodies against \ indent homologous strains 
No idea could be obtained as to the relationship of the presence or absence or 
of the degree of the serologic reaction to the duration of the carrier state 

Fuo'Nr Tiir Author’s Summary 

Encepiiaiommiitis with IiIvniN Distructiois ExrFUiMTNTAi uy PRonuern in 
Monkevs T jM Ruirs and F F ScinviNTicrR, J Exper Med 61 689, 
1935 

Repeated intramuscular injections of aqueous emulsions and alcohol ether 
extracts of sterile normal rabbit brains in some manner produced pathologic changes 
accompanied by destruction of myelin in the brains of se\cn of eight monkejs 
(Macacus rhesus) Eight control monkejs remained well Cultures from the 
invoked brains remained sterile, and no transmissible agent was demonstrated by 
means of intracerebral inoculations of emulsions of bits of the brains into monkeys, 
rabbits, guinea-pigs and white mice From Tiin Authors’ Summary 

Rabbit Pox whtii Especial Ri plupnce to Epidpmioi ogical Factors H S N 
GRrnisr, J Exper kled 61 807, 1935 

A devastating epidemic of rabbit pox in a breeding colonv W'as studied wnth 
especial reference to factors of epidemiological significance The evidence obtained 
indicated that the epidemic originated among animals inoculated with ^accme mtus 
and that the infection was spread to the breeding colony bj caretakers The 
epidemic began insidiously with atypical cases of visceral disease followed b\ 
typical cases of pox and terminated as a mild cutaneous disease wnth scattering 
monosymptomatic disorders of various kinds, difficult to recognize as cases of pox 
infection An analysis of data concerning the health and functional efficiency of the 
population and the immunity of exposed animals showed that the epidemic of 
rabbit pox w’as the terminal event in a senes of progressu e disorders w'hich began 
fully a month before the first case of pox occurred In like manner, the terminal 
decrease in the seventy of the disease and the eventual termination of the epidemic 
appeared to be referable to an improvement m the condition of the population 
rather than to a specific immunity acquired by exposure to the infection 

From the Author’s Summary 

Multipi ication of Pseudorabies Virus in the Testicie Tissue oe Immunized 
Guinea-Pigs E Traub, J Exper Med 61 833, 1935 

Pseudorabies virus was cultivated in vitio in w’ashed testicle tissue from immune 
guinea-pigs, and evidence was thus procured that the testicle cells themselves had 
not become immune to pseudorabies The rate of multiplication of the wrus w'as 
considerably greater in cultures made with normal gumea-pig testis than m cultures 
made with immune testis The reason for this maj’’ be that even by repeated 
washing the immune tissue could not be completely freed from fluid antibodies, 
and that the remaining antibodies somewhat inhibited the multiplication of the virus 

From the Author’s Summary 

“Roughness” in Streptococcus Cultures from Endocarditis R Tunnicliee 
and C WooLSEY, J Infect Dis 56 116, 1935 

Eighty-one per cent of the streptococcus cultures from the blood of patients 
with subacute bacterial endocarditis belonged to the Streptococcus vindans group 
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No one form of colony was demonstrated m these strains Eighty-four per cent of 
the cultures showed signs of “roughness” either morphologically or colonially or 
both The observations suggest that the rough element of streptococcus cultures 
may be an essential factor in the production of endocarditis 

From thc Authors’ Summary 

Bacillary Dysentery in Infants and Children G A Denison and G de 
Hole, J Infect Dis 56 124, 1935 

The acute diarrheas of infancy should primarily be divided into (1) gastro-intesti- 
nal infections almost invariably due to dysentery bacilli and (2) gastro-intestinal 
disturbances of function from numerous causes Before present classifica- 
tions can be improved, bacillaiy dysentery must be completely removed from the 
other types Infectious diarrheas are bacillary dysentery and should be so desig- 
nated Loose clinical terms are not used with uniformity and are confusing Diag- 
nosis should be supported by examination of the stools microscopically for pus and 
chemically for blood The finding of these, with a few very obvious exceptions, 
always means bacillary dysentery More reliable data are needed, however, as 
to the frequency with which blood and pus may be absent m the course of mild 
dysenteric infections In investigative work equal consideration must be given 
clinical, physiologic and bactenologic phases In the course of a study of 35 cases 
of infectious diarrhea in children and infants 159 cultures showing fermentations 
characteristic of dysentery bacilli were isolated, 142 of these were tested with anti- 
serums for stock strains and 116 found agglutinable Of 72 agglutinable cultures 
tested by absorption of agglutinins m antiserums 53 were identified by complete 
and IS by partial absorption The isolated stiains corresponded to Y (Hiss), 
Mt Desert, WX, V and Sonne An isolated strain (1-6) was identified by 
agglutinin absorption with 15 strains from 7 patients Its antiserum was not appre- 
ciably affected by stock strains It appears to be a member of the Flexner grouo 
though not identical with any of the IS stock strains studied Dysentery bacilli 
(Flexner group and Somie) were isolated from 26 patients with infectious diarrhea 
(74 per cent) From each of 2 patients 2 different strains were recovered Dys- 
entery bacilli were recovered from 63 per cent of the stools cultured during the 
first five days of illness After the fifth day the chances for recovering the organ- 
isms rapidly diminished even though the majority of the stools continued to show 
blood and pus for fifteen days longer From the Authors’ Summary, 


Effect or Splenectomy on a Latent Infection, Eperythrozoon Coccoides, in 
White Mice J Marmorston, J Infect Dis 56 142, 1935 

In many strains of white mice splenectomy is followed by the appearance of 
ringlike piroplasmic bodies (Eperythrozoon coccoides) on the red cells and m the 
serum of the peripheral blood The infection is latent in these strains of mice 
The bodies appear after an average incubation period of from six to seven days, 
and the average period during which the infection is observed is twenty-three and 
a half days The height of the infection is reached about the eleventh day In 
15 per cent of the instances Bartonella muris is associated with E coccoides, but 
the Bartonella infection appears toward the end of or after the disappearance of 
the Eperythrozoon infection Suckling mice of noncarrier stock are not infected 
with E coccoides, and splenectomy m these mice is not followed by the appearance 
of the infection The injection of blood containing E coccoides into normal suck- 
ling mice does not cause manifestations of the infection, nevertheless, subsequent 
splenectomy in these mice is followed by the appearance of E coccoides in large 
numbers within from twenty-four to forty-eight hours, and the disease mav be 
transmitted to splenectomized adult white mice of noncarrier stock 

From the Author’s Summarv 
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Technical Eurors in Srumrs or Baciiuiai Variation W L Hoi man and 
A E Carson, J Infect Dis 56 165, 1935 

Studies in metamorphoses of Iiactcna should not disregard the well established 
principles of pure cultures, and all the Aarious sources of error should be adequatclj 
eliminated before far reaching theories arc elaborated m this field Analogies are 
often dangerous and arc particular^' so in this instance It has been shown that 
complete sterilization of mediums requires careful attention The spores of some 
aerobes ma}' wuthstand 120 C for at least an hour in the autoclave or 100 C for 
one and one-half hours m the Arnold sterilizer if protected In such a substance as 
petrolatum when the same spores in broth .ire destrojed at these temperatures 
Manj' bacteria show' morphologic alterations of a temporary nature, and strepto- 
cocci, spore-bearing aerobic bacilli and \Trious anacroiies arc particularly prone to 
do so Bacterial association affects the growth of miNcd cultures Streptococci 
were found capable of inhibiting the growth of spore-bearing aerobic bacilli These 
bacilli, moreover, could retain in their colonics streptococci or other bacteria w’lnch 
may readily be overlooked Inoculation of animals m such studies brings with it 
a number of chances for contaminating the cultures used Evtraneous bacteria 
may enter the inoculated area from the site on the skin or from other sources sucli 
as the respiratorj and intestinal tracts in natural infections or agonal or post- 
mortem invasions An anahsis of Evans’ reports on the metamorphoses of strepto- 
cocci into spore-bearing rods indicates that these chances of error liaec not been 
controlled We have gn en more prob.ible and simpler explanations for her findings 
on the bases of mixed cultures, contaminations and other technical errors Tlierc 
IS need today of a more conservative and critical attitude m these problems of 
bacterial dissociation since there is a growing tendenej to accept uncertain evidence 


as if It were fundanicntallv cstiablished 


From the A.utiiors' Coxciusions 


Dissociation or tiii Tbiirjicii Bachi us ‘\ Sain/ .and E Costii, Presse med 
42 1827, 1934 

This study of the dissociation of avian, human and bovine tubercle bacilli and 
of paratuberclc bacilli tends to throw doubt on their specificity The authors sug- 
gest that all \arieties of the tubercle bacillus nnj lia\e a common origin and 
have become specialized after adaptation to different species Fuin Stfrn 

Infection W'itii Spirociiaita Paiiida Through Cohaiutation and Throigh 
the Pi ACi nta W Srin i rt, Ztschr f Immumtatsforsch u exper Tberap 
83 386, 1934 

Mice were infected w'lth spirochetes After varying intervals they w'ere exposed 
to mice of the opposite sex The svphihtic infection was not transferred, and 
spirochetes were not found in the offspring or m the placentas The infection 
had a distinct inhibitory effect on the fertility of the mice In female rabbits 
similarly infected, the placentas contained spirochetes but the offspring w'as free 

I Davidsohn 


Mucoid Variants of Bacterium Parattphosuai B T M Vogelsang, Acta 
path et microbiol Scandinav 12 181, 1935 

Among the many hundreds of paratyphoid B strains isolated by us, we have 
found only two examples of the mucoid variant Though the mucoid form w'as 
demonstrated in the bile m both cases a gradual change to the S form occurred 
in vitro on subculturing the strains in ox bile This transformation took place 
more quickly in the ox bile than in the other fluid mediums employed, viz , peptone 
water and broth The S forms derived from the mucoid variants showed a devia- 
tion from typical S forms in that they did not form slime walls at room tempera- 
ture but otherwise reacted — as also did the mucoid forms — like typical Bact 
paratyphosum B to the different biochemical tests From the serologic aspect the 
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two mucoid strains were manifestly paratyphoid B strains, having an “O” antigen 
in common with the S form and containing the same specific and nonspecific H 
receptors as the latter but in smaller amount 

Fro'u the Author’s Summary 

Bruceila IivrECTioN or Swine A Thomsen, Acta path et microbiol Scandmav , 
supp 21, 1934, p 1 

The material on which the studies recorded in this monograph are based was 
derived from swine involved in a severe but localized outbreak of brucelhasis in 
Denmark m 1929-1932 In the infected herds agglutination and complement fixa- 
tion with Brucella suis were positive in 39 per cent of the boars that were tested 
In such boars purulent and necrotic inflammatory processes were often found in 
the epididymis, testis and seminal vesicles, and as Brucella suis was demonstrated 
in diseased as well as in normal genital organs the boar was an important spreader 
of the infection The spread by boars was a conspicuous feature of the epizootic 
The primary lesion in the sow consisted of whitish-yellow nodules in the deeper 
layer of the inner surface of the uterus (miliarv brucelhasis) Brucella suis was 
isolated from abscesses in various places in the infected swine The isolation 
was not difficult Thomsen concludes that there is no direct relation between swine 
and bovine brucelhasis, and that there are essential dififerences between the strains 
of Danish porcine and bovine Brucella Apparently no definite cases of human 
infection (undulant fever) developed from the swine brucelhasis 


Tumors 

Primary Carcinoma of the Lung C F Geschickter and R Denison, Am 
J Cancer 22 854, 1934 

An analysis of sixty cases of primary cancer of the lung indicates that they 
may be classified into two groups The more common are the cases of hilar or 
epidermoid carcinoma, occurring at the center of the lung and arising from the 
basal cell layer beneath the lining cells of the large bronchi The rarer cases are 
those of lobular adenocarcinoma, occurring at the periphery of the lung and 
arising from the terminal ramifications of the bronchioles Hilar or epidermoid 
carcinoma may be graded into three histologic forms In the least malignant 
grade, occurring in patients over SO years, squamous cells predominate The middle 
grade shows a proliferation of basal and transitional cells and occurs in patients 
under 50 years The most malignant grade shows masses of compact or spindle 
cells, IS referred to as oat cell cancer, and is most common in young adults 
Lobular adenocarcinoma is also divided histologically into three forms The least 
malignant, most highly differentiated forms are the adenocolumnar and the adeno- 
mucoid The average age of the patient with these forms is 40 years The most 
malignant type shows a diffuse proliferation of cuboidal cells The patients 
affected are most often under 40 and sometimes 30 years of age 

From the Authors’ Summary 

The Histologic Ci assification of Cancers or the Uterine Cervix and the 
Relation Between the Growth Structure and the Results or Radium 
Treatment H Chambers, Am J Cancer 23 1, 1935 

The biopsy material from 728 cases of cancer of the cervix has been examined 
and 500 cases have been histologically graded, 228 were unsuitable for classifica- 
tion The method of grading has been based on the extent of cell differentiation 
and the degree of cell activity, but the general architecture of the growth has 
also been taken into account The relationship of the age incidence, the duration 
of the symptoms and the clinical type of the growth with the histologic structure 
has been considered The results of treatment have been recorded with special 
reference to local cure of the cancer at the primary site in relation to the histologic 
type, the survival rate has also been recorded for those cases which had been 
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under observation for more than three 3 ’’cars The lughest percentage of local 
cures has been obtained in cases of the transitional t} pe of squamous cancer grade 3, 
73 8 per cent, and m cases of adenocarcinoma, 72 9 per cent, but none of the 
histologic grades showed a difference of more than 15 per cent m either local cure 
or m the number of those sur\ivmg three jears There is no c\idcncc m this 
material that the adenocarcinomas are insensitive to radiation 


StliDics on the Intern \l Organs or ^Iicc PAiNxm with Carcinogenic Agents 
J M Twort and C C Twort, Am J Cancer 23 52, 1935 

“Our studies have revealed to us that carcinogenic, therapeutic and other agents 
may so interfere wnth the general metabolism of mice that there is a profound 
influence, direct or indirect, on tumour development Convcrsch , the presence of 
a tumour may so derange metabolism, cspeciall\ of joung animals, that cause 
and effect inaj' be casilj confused It would appear that in order to ,i\oid errors 
m judgment, investigators should have a thorough knowledge of the changes likely 
to pre\ail among their animals liie observer should be in a position to discriminate 
betw'cen the direct and the indirect effect of a therapeutic or carcinogenic agent, 
w'lth in consequence an added ^aluc to his CNpcninental results General debilita- 
tion and stimulation arc, it would seem, the kc} processes to bear in mind It is 
w'hen these have been as far as possible acciiratel} gauged, and onlj then, that we 
are m a position to evaluate changes m specific tissues The results we ha\e 
obtained up to the present time w'cre m man^ respects to he expected The general 
outcome of our observations is that ‘balance’ is tlie essential in keeping the animal 
free from malignant disease, while at the same time the latter supcr\cncs pre- 
ferentially on a healtlw tissue Additional observations will, we hope, further 
enlighten us as regards some of the factors responsililc for this balance ’ 


The Comparative Patiiologv or Carcinom\ or the Panciu \s, with Report 
or Tw'O Casis in Mice !M Site, H F Hoi mls and H G Wells, Am J 
Cancer 23 81, 1935 

A review of the literature indicates that the occurrence of tumors of the 
pancreas m all species of animals and birds is cxtremelj rare as compared w'lth 
their common occurrence in man Among 125,000 mice of the SKc stock examined 
post mortem, but tw’o primary tumors of the pancreas, both carcinomas and 
herew'ith described, have been obser\cd From the Authors Summarv 

On thl Behavior or the Rous Tumor Virus to Frff7ixg J K Miller 
and H E Eggers, Am J Cancer 23 94, 1935 

The filtrate of the Rous tumor w'as found to inamtam its tumor-producing 
pow'er after rapid freezing and thaw'ing sixtj times when these were so conducted 
as to avoid accompanying oxidation Theic was no apparent change in its action, 
as determined by rate of tumor growth or bj' tumor morphology, w'hen this pro- 
cedure W'as repeated twenty times With sixty freezings, there was delaj' in tumor 
development with marked change in tumor morphology The filtrable agent of 
the Rous tumor displays a resistance to freezing and thawnng greater than that 
exhibited by known living agents, such as bacteria or other cellular organisms 
To the extent that this throws light on the nature of the tumor-producing agent, 
it would suggest an unorganized character However, the possibility that the 
filtrate may contain organized bodies so minute as to escape the effect of sudden 
and repeated changes of volume cannot be absolutely precluded 

From the Authors’ Sujimary 


Iar Epithelioma in the Sympathectomized Aibino Rabbit H B Raney, 
Am J Cancer 23 98, 1935 

The fact that a majority of investigators have found an increased development 
of tumors after sympathectomy suggests that the sympathetic nervous sj'steni may 
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exert an inhibitory effect on tumor growth The directness or indirectness of this 
influence is as yet a matter of conjecture, the familiar hypothesis that the vascular 
sj stem acts as an intermediary has not as yet been susceptible of experimental proof 

Tumors and Tumor-Like Conditions of thf Lvmphocyte, the Myeloctte, 
THE Ertthrocyte AND THE Reticulum Cell G R Callender, Am J Path 
10 443, 1934 

A discussion of the tumors and tumor-like conditions arising from the stem 
cells of the lymphocytes, the granular leukocyte, the red blood corpuscle and the 
reticulum cell or monocyte is presented Callender offers a classification of these 
conditions based on a study of the cases of the Lymphatic Tumor Registry of 
the American Association of Pathologists and Bacteriologists Certain criteria for 
the differentiation of the conditions are given in explanation or elaboration of the 
tabular presentation of the classification Certain evidence is presented that some 
conditions ordinarily classified as Hodgkin’s disease belong to the reticulum cell 
group as reactive hyperplasias, aleukemic reticulocytomas or reticulum cell 
sarcomas From the Author’s Summart 


Extragenitai Choriocarcinoma in a Man A R Kantrowitz, Am J Path 
10 531, 1934 

Kantrowitz reports the case of a man aged 22 j ears who had a primary teratoma 
of the anterior mediastinum containing chonocarcinomatous elements At autopsy 
it was found that the tumor had invaded the superior vena cava and that both 
lungs were studded with nodules Careful gross examination revealed no metastases 
in other organs or lymph nodes The genital tract (testes, vas deferens, seminal 
vesicles and prostate) showed no nodules The testicles were sectioned m 2 mm 
blocks, and slides were made from each block The slides revealed no nodules 
Microscopic examination of the tumor disclosed teratomatous and choriocarcinoma- 
tous elements Only choriocarcinoma was found in the pulmonary metastases The 
testes showed no neoplastic elements Marked interstitial cell hyperplasia of the 
testes was seen These observations refute the contention of Prj'm and Obern- 
dorfer, the latter writing "dass bciin Maun das Choiwncpithehom tmniei mit 
Kewidiusengesclnvuhteii m Zusammenhang sfelien nijiss” (that m the male 
the chorioepithelioma must always be connected with tumors of the gonads) The 
Aschheim-Zondek test was positive in both the urine and the tumor tissue extracts 


Multiple Hemangioblastoma of the Spinai Cord with Syringomyelia 
(Lindau’s Disease) A Wolf and S L Wilens, Am J Path 10 545, 
1934 

A case of hemangioblastomas of the spinal cord forming part of Lmdau’s 
disease is presented These intramedullary tumors were associated with syringo- 
myelia and syringobulbia The other lesions were a cystic cerebellar hemangio- 
blastoma, congenital cysts of the pancreas and kidnejs, a benign hypernephroma 
of the left kidney, an adrenal rest in a retroperitoneal lymph node and three 
paragangliomas of the left adrenal gland Authors’ Summary 

Primary Intramedullary Neurogenic Sarcoma of the Ulna J H Peers 
Am J Path 10 811, 1934 

Solitary intramedullary tumor of the ulna presenting the histologic structure 
of a perineurial type primarily occurring m bone must be exceedingly rare, the 
case reported here being apparently the first recorded Estimate of the biologic 
character of the tumor is accordingly uncertain, but on histologic evidence it seems 
unlike the neurogenic sarcoma of soft tissues, to be a tumor of low grade 
malignancy Author’s Summart 
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Malignant Tumors or Tin Laugl Inti sting L M Larson and M Nordland, 
Ann Surg 100 328, 1934 

A senes of 210 cases of malignant tumors of the large intestine is reviewed 
m this study There was no preponderance of cases m one or the other se\ 
The highest age incidence was m the fifth, sixth and seienth years The growths 
were located with the greatest frecpiency at the two extremities of the colon 
Alore than half of the tumors were located in the rectum, rectosigmoid or lower 
sigmoid, and theoretically, at least, could be visiiahrcd tlirough the proctoscope 
or sigmoidoscope In about half of the cases coming to necropsy the malignant 
lesion w'as mechanically resectable bj surgical methods, inasmuch as no extension 
or metastasis w'as found at autopsy About a third of the patients presented 
metastases m the liver or regional glands Practically c\cry organ in the body 
W’as involved in metastases in this senes of cases No significant difference was 
noted in the incidence of metastases rclatnc to the location of the lesion Obstruc- 
tion took place in 81 per cent of the cases 'I he immediate cause of death was 
most frequently peritonitis or exhaustion, but associated lesions such as cardio- 
renal vascular or pulmonar\ diseases, hs pertrophj of the prostate or acute appendi- 
citis contributed to the low’ resistance of these patients In sixteen cases pohposis 
W’as present in localised or diffuse form, and in each one of these cases the 
evidence indicated that malignant change took place on a preexisting benign polyp 

From tiil Authors’ Summ\ri 

Tumors or Tiir Frog “Roussi ” J M Piriot and kf Wli sen, A.rch internat 
de med exper 9 341, 1934 

There are skin irregularities in the frog w’hich are similar to cutaneous neo- 
plasms They occur singly and in groups Fhej are not transferable by grafting 
Small subcutaneous cysts, found mostU in the male frog, can be transmitted by 
means of grafts of the skin Two cases of adenocarcinoma and three of adenoma 
of the skin in man w’ere traced to a single species of frog A nn xofibrochondronia 
could not be transplanted b\ grafting ELi7AnrTii McBroom 

Arriignoblastoma FI O Ki i iNr, Arch f Gymk 157 410, 1934 

Thirty-five cases of arihenolilastoma of tubular structure have been reported 
thus far Among the four cases that Klcine observed was one in which there was 
a dermoid cystoma in the other ovary The grow’th of these tumors began at the 
lulus Leydig’s interstitial cells were demonstrable in all The patients exhibited 
more or less characteristic signs of virilism In one patient the rete of the other 
ovary was considerably enlarged but free from tumor cells The dev’elopment of 
a postoperativ’e hyperthyroidism m one of the patients indicates the possibihtj’ of 
a pluriglandular disturbance The author agrees with R klejer that the parent 
tissues of arrhenoblastoma are the rete ovarii, the medullary strands and the 
so-called extraglandular interstitial cells These three epithelial formations repre- 
sent heterosexual cell complexes of the ov’arj’, which arc present in small amounts 
m every ovary The h>poplasia of the isoscxual gonadal parench 3 ’ma seems to 
promote the development of the heterosexual tissues The observ’ations of other 
authors (R Meyer) on younger women with arrhenoblastoma, in whom signs of 
virilism disappeared after extirpation and reappeared m case of relapse, prove a 
causal connection between these tumors and virilism Three problems hav’C j’et 
to be solved (1) the significance of the rete testis and of Leydig’s interstitial 
cells for the development of the secondary male sex characters, (2) the problem 
whether arrhenoblastoma forms a testicular incretion, and (3) whether there are 
relations between arrhenoblastoma and the adrenal system 


Intratracheal Thymoma A Waldon, Centralbl f allg Path u path Anat 
60 308, 1934 

In the body of a woman 58 j’ears old, who had had respiratory difficulty for 
three months prior to death from bronchopneumonia, a soft tumor was found 
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attached by a pedicle to the front wall of the trachea, 3 cm above the bifurcation 
The tumor was 2 5 cm long, 1 to 1 3 cm wnde and 1 cm thick, and the pedicle w as 
6 mm in diameter In sagittal section the upper half of the growth contained a 
cyst 1 cm in diameter, tense, with two outpouchings, and filled with blood The 
tissue surrounding the cyst was mottled red while that in the lower half of the 
tumor was yellow The mediastinal lymph glands were enlarged from simple 
hyperplasia, and the thymus was replaced by fat The microscopic observations 
were as follows The stalk was covered with ciliated epithelium and contained 
one central and two lateral connective tissue bands which delimited two tracts 
These tracts consisted of thymic reticulum cells, m which were Hassall’s cor- 
puscles, and coursed from the tumor, between two cartilage rings, to the e>tra- 
tracheal tissue The ventral upper part of the tumoi was covered with ciliated 
epithelium which suddenly gave way to stratified squamous epithelium from 5 to 
8 cells thick The papillae underlying this epithelium were short and flat m the 
upper half of the tumor but were well marked m the lower half The lower half 
of the back part of the tumor was partially coated with cylindric epithelium which, 
in some places, sent tubular glandhke outpouchings into the tumor At the lover 
pole there was a mixture of cylindric and squamous epithelium irregularly coating 
the tumor Internal to the fibroblastic connective tissue layer in the top half of 
the tumor were a cellular ground-work and regularly distributed Hassall’s corpus- 
cles In the interior of the lower half collogemc fibers surrounded masses ot 
squamous epithelium with centers consisting of cornified cells These epithelial 
masses and strands were continuous with the covering of the tumor The tumor, 
therefore, in addition to being a rare growth of thymic origin, was transformed into 
a carcinoma in its lower half George Rukstinat 

Tumors of the Peripheral Nervous System H J Scherer, Virchows Arch 

f path Anat 292 479, 1934 

Scherer devotes seventy-five pages to a comparative histologic study of a 
variety of tumors of the peripheral nervous system, including neuroblastoma of 
the sympathetic nervous system, neuroganglioma, neurinoma, solitary diffuse over- 
growths of peripheral nerves and the neurofibromatous tumors of Recklinghausen’s 
disease The purpose of the study was to determine the neuro-ectodermal or 
mesenchymal origin of neurinoma In the ganglioneuromas there were found 
cellular areas that Scherer terms “neuro-ectodermal germinal centers ” Some of 
these consisted of undifferentiated cells like those of neuroblastoma, m others, 
differentiation into ganglion cells was evident Neurofibril formation m ganglio- 
neuroma occurs independently of ganglion cells Especial importance is attached to 
the neuro-ectodermal germinal centers of ganglioneuroma because the presence 
of similar areas in neurinoma, described for the first time by the author, establishes 
the neuro-ectodermal origin of neurinoma This tumor is derived from the 
ectodermal supporting tissue of the nerves The germinal tissue does not give 
rise to ganglion cells, and the neurinoma cannot be considered a peripheral glioma 
Neurofibromatosis presents a number of problems that are not possible of solution 
in the present state of knowledge In Recklinghausen’s disease there is an over- 
growth of both mesenchymal supporting tissue and neuro-ectodei mal supporting 
tissue Which tissue is primarily concerned m the overgrowth it is impossible 
to determine, both may be equally concerned as the result of not at present 
understood developmental mechanical factors q Schultz 

Difffrbntial Histologic DIAG^osIs of Intracerebral Neurinoma. H J 
Scherer, Virchows Arch f path Anat 292 554, 1934 

In a case of what is termed “rudimentary Recklinghausen’s disease,” there 
were a glioma of the pons and gliosis of the optic and olfactory nerves In the 
cerebrum beneath the left ventricle were a number of small nodules that with 
the usual staining methods were held to be neurinomas More careful examination 
of these revealed that the younger nodules were composed of fibnl-forming 
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astrocytes and that the older and denser nodules were composed largely of 
fibnllated gha The lesions were not neurinomas but astrocytic glioses or gliomas 
His findings lead Scherer to define the histologic criteria that should make it 
possible to distinguish between a central neurinoma and a glioma The fibrils of 
the neurinoma are more sharply contoured and have a straighter course than 
those of glioma The neurinoma is more sharply demarcated at its periphery 
from the surrounding biain tissue The palisade arrangement of the nuclei, which 
IS the most striking feature of neurinoma and is evidence of the organoid character 
of the tumor, differs from the pseudopalisade arrangement not infrequently seen 
in a variety of other fiiiriliatcd tumors q -p Schultz 

DirrERENTiAL Diagnosis or Nllrogimc Tumors II J Schlrir, Virchows 
Arch f path Anat 292 562, 1934 

In a preceding study of tumors of the peripheral nervous sjstem Scherer reached 
the conclusion that the presence of perivascular areas of cellular undifferentiated 
tissue establishes the neurogenic origin of neurinoma He describes tw'O tumors of 
the mediastinum in the histologic diagnosis of w'liich ganglioneuroma could be 
excluded but which could not be diagnosed as neurinoma by the usual criteria 
One tumor was fibromatous or fibrosarcomatous , the other, ghomatous or more 
frankly sarcomatous The denser tumor contained perivascular areas of partly 
differentiated tissue , the other neoplasm, vcr 3 cellular perivascular areas of undif- 
ferentiated tissue Scherer thinks that the pernascular tissue is neurogenous in 
origin and establishes a probable neurogenic origin of the tumros 

O T Schultz 


Tumor-Like Forms or Lxmphogranuiomatosis A Dudits, Ztschr f Krebs- 
forsch 40 229, 1934 

The occasional evidences of poU morphism among the cells of the so-called 
lymphogranulomatoses may at times be significant of actual malignancy inasmuch 
as such cells may give rise to malignant tumors apparentlj of the reticulosarcoma- 
tous type Two such cases are described in this article, the first tumor being 
primary in the intestinal w’all, with relations to the mesenteric nodes but possibly 
originating in an intestinal follicle, and the second being a typical example of the 


transformation first discussed 


H E Eggers 


The Inheritance of Cxncer J Koriiier, Ztschr f Krebsforsch 40 271, 1934 

In connection wuth reports on several instances of the familial occurrence of 
cancer, Korbler points out that many cases of this sort may be equally well explained 
on a basis of actual transfer , among his series is one in w'hich the theory of 
infection would meet the stated facts better than that of heredity In still another 
described by him, the family had both tuberculous and cancerous antecedents, and 
here there was a curious separation of the two diseases in different branches of the 
family As regards the relations of tuberculosis to cancer, he is of the opinion 
that as cancer is outstandingly a disease of unimpaired vitality^, the previous 
presence of tuberculosis w'ould react against the development of the former disease 
The reverse of this relationship, he believes, is shown by the relation of cancer 
to longevity, m which there would occur long continuance of unimpaired vital 
function £ Eggers 


Technical 

An Ultramicro Technic ior Precipitin and Agglutinin Reactions C L 

Hudson and S Mudd, J Immunol 28 311, 1935 
The capillary tube technic developed by Richards, Bordley and Walker (/ Biol 
Chan 101 179, 1933) for the chemical ultramicro-analysis of minute amounts of 
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fluid has been adopted for the performance of certain immunologic reactions 
Precipitation and agglutination tests have been made with as little as 0 1 cu mm 
of reacting material In sensitivity and reliability this technic was found equal to 
standard macromethods The apparatus required is neither expensive nor difficult 
to obtain and the technic is easily mastered The obvious advantages of the ultra- 
micromethod are the minuteness of the quantity of fluid required and the rapidity 
with which a determination can be completed An additional advantage is the 
opportunity for microscopic observation of the precipitation and agglutination 
during the course of reaction The vividness with which the reactions may be 
seen contributes an appreciation of the character of these phenomena even to an 
observer experienced with macromethods From the Authors’ Summary 

A Simple Differential Stain for the Human Hypophysis C Spark, J Lab 

& Clin Med 20 508, 1935 

Fixation — Orth’s fluid (Aluller’s fluid, 9 parts, dilute solution of formaldehyde, 
1 part) is superior to fixatives containing mercuric bichloride such as Zenker’s or 
Helly’s fluid, which result m a marked brittleness of the tissue The tissue is 
fixed for forty-eight hours and washed m running water for twenty-four hours 

Staining — Paraffin sections from 6 to 8 microns thick are brought down to 
water The sections are stained as follows 

1 Immerse in 0 25 per cent aqueous aniline blue for from sixty to ninety 
seconds The basophil cells are stained deep blue, while the rest of the tissue is 
stained very faint blue 

2 Wash in tap water for one-half minute Excessive washing will remove 
the dye from the basophils 

3 Immerse in Mayer’s hematoxylin for ten minutes 

4 Wash in tap water for from two to three minutes 

5 Immerse in Van Gieson’s mixture for from sixty to ninety seconds The 
mixture is made up by adding 5 cc of 2 per cent aqueous acid fuchsm to 100 cc 
of saturated aqueous tnnitrophenol Excessive treatment with Van Gieson’s mix- 
ture will result in a greenish blue coloration of the basophils 

6 Wash in tap water for one minute Prolonged washing will wash out the 
Van Gieson stain 

7 Transfer sections to 95 per cent alcohol for one minute 

8 Dehydrate in absolute alcohol for from two to three minutes 

9 Clear in xylene 

By this method the various cellular elements of the human hypophysis are 
sharply delineated Nuclear chromatin is stained purplish brown The beta 
(basophilic) granules are stained dark blue and appear m sharp contrast to the 
alpha (acidophilic) granules, which stain olive green The cytoplasm of the 
chromophobe cells are light grajush blue Red blood cells stain bright yellow, 
which adds considerably to the ease of studying the sections, especially in glands 
that show congestion of the blood vessels The colloid in the anterior lobe 
stains a variety of colors varying from yellowish to purple The colloid in the 
posterior lobe stains light blue 

Dense collagenic fibers stain deeply with the acid fuchsm, while loose collagenic 
connective tissue stains lightly either with aniline blue or with acid fuchsm The 
capillary walls stain sharp blue The stained sections possess a good degree of 
optical translucency, which was not obtained with several of the published stains 
for the hypophysis 

Stained sections that are now two years old have not shown any significant 
degree of fading 
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A Textbook o£ Biochemistry Edited by Benjamin Harrow, Ph D , Associate 
Professor of Chemistry, The City College, College of the City of New York, 
and Carl P Sherwin, M D , Sc D , Dr P H , Alember of the Staff of St 
Vincent’s Hospital, New York Cloth Price, ?6 Pp 797, with 52 illustra- 
tions Philadelphia W B Saunders Company, 1935 

In the preface to this book the editors state “Biochemistry, like several other 
branches of science, has become so encyclopedic in its scope, that it seems an 
impossible task for any one individual to write an adequate textbook It is for 
this reason that we have asked specialists in the various fields of biochemistry to 
contribute the chapters constituting this book ” This explains the general nature 
of the book It has been divided into thirty chapters, written bv as many different 
authors, all professois or investigators m the field of biochemistry 

The book covers a somewhat wider range than the usual textbook of bio- 
chemistry In the first chapter Chambers discusses the action of the living cell 
The next six chapters deal with the chemistry of carbohydrates, fats, sterols, 
proteins, amino-acids and nucleic acids Chapters 8, 9, 10 and 11, dealing with 
nutrition, the vitamins, the enzymes and digestion, offer a general and comprehen- 
sive discussion of these subjects The chapter on the biochemistry of bacteria, 
yeasts and molds by Clutterbuck and Raistnck is of particular interest because it 
presents one of the new fields for investigation m biochemistry Carl P Sherwin 
presents a detailed dissertation on detoxication m chapter 13 Chapters IS, 16, 17 
and 18 are discussions of the blood and blood gases, respiration and animal pig- 
ments The oxidation-reduction reactions of cells are described in detail m 
chapter 19 In this chapter, as in the chapter on immunochemistry, the material 
presented is highly specialized and might prove somewhat detailed for the begin- 
ning student of biochemistry and for the medical student 

The scope of Heidelberger’s chapter is well illustrated in his summary, which 
IS also of interest because it indicates the present state of knowledge of the chem- 
istry of antigen-antibody reactions Heidelberger states “In this chapter the 
writer has tried to show how chemistry has made steps toward giving more definite 
meaning to the concepts antigen and antibody and providing a better understanding 
of the mechanism of the immune reactions m which they participate The introduc- 
tion of known chemical groups into the protein molecule, with its consequent 
sensitive control of specificity, and the recognition of the large part played by poly- 
saccharides m bacterial specificity have served to emphasize the essentially chemical 
and ultimately minutely determinable basis of biological specificity, and have 
simplified and clarified relationships and provided powerful aids for further 
progress With highly purified antibody close at hand, and with plausible theories 
as to its formation, the many problems connected with antibodies should be well 
on their way toward solution With these newer aids it has been possible to obtain 
strong evidence of the chemical union of antigen or hapten with antibody in multiple 
proportions, and to express this union in terms of the laws of classical chemistry 
On this foundation there are now accessible new and absolute quantitative methods 
which should be useful tools in the acquisition of a final complete understanding 
of immune processes ’’ 

The succeeding chapters deal, for the most part, more generally with the metab- 
olism of proteins, carbohydrates, fats and minerals The chemistrj^ of the skin, 
muscle, bone, brain and urine are discussed in the latter part of the book, the 
last chapter being a short discussion of hormones In general, the articles are 
well written and interesting However, as a textbook, the result may be some- 
what too detailed for the student of medicine and the beginner in the field of 
biochemistr}^ The book might well be used for supplementarj'- reading, for it 
presents a comprehensive and highly detailed discussion of the various aspects of 
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biochemistry This specialization necessitates the omission of many fundamental 
facts essential in a textbook for students The bibliographies at the end of each 
chapter offer a wealth of material The book is highly recommended for teachers, 
advanced students and investigators in the field of biochemistry 

The Spleen and Resistance By David Perla, M D , Associate Pathologist, 
Aiontefiore Hospital, and Jessie Marmorston, Af D , Associate in Pathology, 
Cornell University Atedical College Price, §2 Pp 170 Baltimore Williams 
& Wilkins Company, 1935 

The book begins with a review of the anatomj’^ of the spleen The major 
elements m its structure are derived from reticular cells or mesenchymal reticulum 
In infections the structural changes, and presumably also the functions, vary accord- 
ing to the species and the type of infection The large number of macrophages in 
the spleen indicates its capacity for phagocytosis, but it is not assumed that phago- 
cytosis IS the only or the most important factor in resistance From an analysis 
of the experiments on the formation of antibodies by the spleen it is concluded 
that splenectomv lowers the power of the body to form antibodies Some of these 
experiments failed to take into consideration the circumstance that m dogs, mice 
and rats splenectomy may change certain existing latent infections (those due to 
Bartonella, Klossiella, eperythrozoon coccoides) into active diseases In these and 
other types of infection splenectomy depresses natural as well as acquired resistance 
in many species of animals In many of these diseases the macrophagic tissues of 
the spleen are involved Splenectomy is followed also by proliferation of macro- 
phages m the lymph nodes, liver, marrow and lungs This proliferation is 
interpreted as compensatory m nature and due to an activation from splenectomy 
of mesenchymal reticular cells and their derivatives everywhere in the body The 
role of the spleen in resistance consequently is not to be ascribed wholly to phago- 
cytosis, because it may be involved in “subtle chemical interrelationships, at present 
little understood ” However, the importance of the spleen in natural and acquired 
resistance to certain bacterial and protozoan infections is now well established 
The study of the spleen in latent infections by the authors and others throws a 
new and helpful light on experiments in splenic physiology These experiments 
have resulted in contradictions and controversies because they dealt with different 
species and with carriers of latent infections that induce anemia when the spleen 
IS removed “It becomes extremely questionable, in view of these facts, that the 
spleen plays the role in hemoglobin formation previously attributed to it on the 
basis of studies of iron metabolism m splenectomized animals in which the presence 
of latent infection has not been excluded ” 

There is a good bibliography, also complete subject and author indexes While 
this IS of minor importance, perhaps, note must be made of the fact that the 
proper names of micro-organisms are printed sometimes in italics and sometimes 
in ordinary type and m either case sometimes with and sometimes without the 
usual initial capitalization The monograph presents well the present understand- 
ing of the relation of the spleen to resistance to infection It will be of value m 
the further study of the spleen in health and disease 
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Precis de therapeutique et de piiARMACOLOOir R Hazard Professeur 
agrege a la Faculte de ^ledecine de Pans, Pharniacien des Hopitaux With a 
Preface bv A Desgrez, Membre de I’Institut et de I’Acadeniie de Medecme 
Third edition, completely revised Price, stitched. S'! francs, bound, 100 francs 
Pp 1257, with 34 illustrations Pans Masson & Cie, 1935 

Angines 1 1 mpho-monoc^ taires agraauloc^tose, Lfuclmifs Leucopemques 
J Cabrazes, Professeur a la Faculte de Medecine de Bordeaux, and Rene Sane, 
Interne des Hopitanx de Bordeaux Price, 40 francs Pp 364, with 18 figures 
Pans Masson & Cie, 1935 

This book contains three chapters The first deals with the disease or group 
of diseases which in the English literature are now perhaps most frequentlj' called 
infectious mononucleosis The second chapter is devoted to the conditions included 
under the term agranulocytosis, and the third chapter to aleukemic leukemia and 
allied diseases Each chapter is a complete monograph by itself, with a select 
bibliography of original articles and reviews on the subject with which it deals 
At the end of the book is a general subject index, which is a rather unusual feature 
in a French publication of this kind The more important literature concerning 
the diseases under consideration is reviewed carefully, and a number of illustrative 
cases observed by the authors are reported in detail The book will gn e the reader 
a clear and comprehensive summary of the present knowledge and views of the 
different phases and relations of infectious mononucleosis, agranulocvtosis and 
aleukemic leukemia — all topics of actively growing interest and study at this time 

The Spleen and Resistancf David Perla, MD, Associate Pathologist, 
Montefiore Hospital, and Jessie Marmorston, M D , Associate in Pathology, Cornell 
University Medical College Price, ^2 Pp 170 Baltimore Williams & Wilkins 
Compan}’’, 1935 
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EFFECT OF IODINE ON CHOLESTEROL-INDUCED 

ATHEROSCLEROSIS 


DOROTHY R MEEKER, AB 
H D KESTEN, MD 

AI,D 

TAMES W JOBBING, MD 

NEW "iORK 

Although iodine has been used empirically for many years m the 
treatment of arteriosclerosis in man, experimental proof is lacking that 
It can alter an arteriosclerotic plaque There is evidence, however, that 
when administered m organic or inorganic combination to rabbits fed 
large amounts of cholesterol, iodine can inhibit, at least partially, the 
production of the characteristic arterial lesions induced by cholesterol 
Until now, however, there has been no study of the effect of iodine on 
fully developed cholesterol-induced atherosclerosis In view of the pro- 
tective power of the drug against atherosclerosis induced by cholesterol 
and with its effect on infectious granuloma m mind, it seemed reasonable 
that iodine might accelerate the healing and absorption of cholesterol- 
induced lesions Were this true, it would suggest another basis for the 
utilization of iodine in arteriosclerosis m man 

The procedure used in the study of the possible resorptive effect of 
iodine on the lesions of experimental atherosclerosis was to produce such 
lesions by adequate feeding of cholesterol to rabbits and then to feed 
potassium iodide for various periods 


METHOD OF IN\H:STIGATI0N 


Twenty-five gray chinchilla rabbits, each weighing 2 Kg , were used Accord- 
ing to the technic of Turner ^ each rabbit was fed 1 Gm of cholesterol mixed with 
its food four times a week for one hundred and five days This period of time and 
this dosage have been demonstrated to be ample for the regular production of aortic 
lesions The feeding of cholesterol was then stopped, and the animals were divided 
into three groups as follows (1) Nine rabbits were killed immediately as controls, 
(2) eight rabbits were allowed to rest on an ordinary stock diet, two of which 
were killed one month after the cholesterol \vas discontinued, three two months 
after and three three months after, and (3) the remaining eight rabbits were placed 


This investigation has been aided by a grant from the Josiah Macy Jr Founda- 
tion 


From the Department of PathologJ^ College of Physicians and 
Columbia University 

1 Turner, KB J Exper Med 58 115, 1933 


Surgeons, 





338 


ARCHIVES OF PATHOLOGY 


on the same stock diet and were fed 0 85 Gm of potassium iodide daily by pipet m 
the form of 1 cc of a concentrated solution (60 Gm of potassium iodide in each 
70 cc of solution) This method of administration proved satisfactory The rab- 
bits gained weight and remained m good condition Two of them were killed one 
month after the cessation of the feeding of cholesterol and the commencement of 
potassium iodide, three two months after and three three months after The 
content of cholesterol m the serum, both the total and free cholesterol, was deter- 
mined at frequent intervals by the method of Schoenheimer and Sperry - 

When examined at the end of the experimental periods all the 
rabbits presented vasculai lesions of the type due to cholesterol The 
aortas of the nine rabbits used as controls, which were killed at the 
end of one hundred and five days of feeding of cholesterol, presented 
chaiacteristic intimal plaques, varying considerably in extent and number 
from a few small lesions in the arch to extensive confluent infiltrations 
thioughout the vessel Similar lesions were not infrequently present in 
the cusps of the mitral and aortic valves, the laiger pulmonary arteries 
and the mam blanches of the aoita In gioss appearance and frequency 
the lesions m the aortas of labbits fed cholesterol for one hundred and 
five days and allowed to lest on a stock diet for from one to thiee 
months could not be distinguished from those m the fiist group used as 
controls The aortic lesions of rabbits of the third group, those which 
received potassium iodide aftei cessation of the cholesterol, differed in 
no essential respect from those of the other animals If anything, the 
lesions 111 the aoitas of these labbits were somewhat more extensive 
than those in the animals which were resting on the stock diet Nor did 
micioscopic study leveal any difference between the lesions in the ani- 
mals given potassium iodide and those in the animals which received 
none Though there was evidence of continuing fibrosis of the choles- 
terol-induced plaques after the feeding of cholesterol was stopped, tliere 
was no real diffeience in the amount of fibrosis between lesions m the 
resting animals and those in rabbits fed potassium iodide (table) There 
was considerable variation m the degiee of atherosclerosis within each 
group, but this could not be ascribed to lack of absorption of cholesterol, 
for in every animal the cholesterol content of the serum was well above 
normal, in all but thiee cases being more than 700 mg per hundred 
cubic centimeters of blood, and the content remained high for a con- 
siderable, though variable, time after the feeding of cholesterol was 
stopped Thei e was, then, no correlation between the extent of sclerosis 
and the expeiimental proceduie 

COMMENT 

The inability to alter fully developed cholesterol-induced arterial 
lesions with model ately large doses of potassium iodide whereas iodine 


2 Schoenheimer, R , and Sperry, W M J Biol Chem 106 745, 1934 
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in both 01 game and inoiganic foim when given eaily has the poMei of 
pi eventing the deposition of cholesterol and its esters (Liebig, Seel and 
Creuzbeig, Mon and Shmoi, Turner, and Ungar)^ points to irreversi- 
bility of the atherosclerotic process Even after many months the 
lesions remain as fibious plaques (There is little doubt, however, that 
the fiequent intimal plaques seen in typhoid fever and other febrile dis- 
tui bailees, especially in childhood, aie resorbed ) 

The distinction which must apparently be made between cholesterol- 
induced lesions which aie developing and those already formed is further 
emphasized by a study of the cholesteiol of the serum In the normal 
rabbit the latio of the amount of cholesteiol esters to that of free cho- 
lesterol in the blood seium vanes between 1 85 1 and 3 1 Dunng 
the penod of feeding cholesterol this ratio is generally not appreciably 
altered, the amounts both of free cholesterol and of cholesterol esters 
increasing to the same degiee Liebig, Seel and Creuzberg^ and 
Tuniei ^ found that administration of iodine with cholesterol lesulted in 
a 1 eduction in the cholesterol content of the serum and in protection 
against athei osclei osis (Rosenthal,® however, reported an increase in 
the amount of cholesterol m the blood and in the degree of atherosclerosis 
when small amounts of iodine were administered [from 2 to 3 mg of 
iodine daily] , which was in contrast to the findings of Seel and Creuz- 
beig, who also used small doses The major difficulty in comparing the 
findings of the several workers in this field is that there is no umformit}^ 
of piocedure, the amount of cholesterol and of iodine given and the 
duration of feeding cholesteiol, both before and with the administra- 
tion of iodine, varying fiom one experiment to another ) It was found 
in the present study, however, that when iodine was administered after 
the cessation of feeding of cholesterol there was a progressive decrease in 
the latio of the amount of cholesteiol esteis to free cholesteiol as the 
feeding of potassium iodide continued (table), until after six weeks of 
administration of potassium iodide the ratio in every case was at oi 
below the lower limit of the normal value, whereas the ratios m the 
resting animals were significantly higher This is m contrast to the 
findings of Rosenthal, namely, that the value foi the esters remained 
high for as long as six weeks when potassium iodide was fed with cho- 
lesterol It was f urthei obsei ved that, although the amount of cholesterol 

3 (c) Liebig, H Med Klin 25 1100, 1929, Riforma med 47 1400, 1931, 

Arch f exper Path u Pharmakol 159 26'5, 1931 (b) Mon, K, and Shmoi, K 
Mitt d med Gesellsch zu Tokio 46 316, 1932 (c) Seel, H , and Creuzberg, G 

Arch f exper Path u Pharmakol 161 674, 1931 (d) Ungar, H ibid 175 

536, 1934 (e) Turner i 

4 Anitschkow, N , in Cowdry, E V Arteriosclerosis, New York, The 
Macmillan Company, 1933, p 291 

5 Rosenthal, S R Arch Path 18 827, 1934 
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esters in the blood was rapidly decreasing in the rabbits receiving potas- 
sium iodide, the total cholesterol content remained relatively high Six 
weeks after the feeding of cholesterol was stopped none of the rabbits 
given potassium iodide had a normal amount of cholesteiol in the blood, 
whereas that of three of the lesting group was again within the normal 
range Even at the end of three months, the blood of only one of the 
three remaining animals given potassium iodide had a normal cholesteiol 
content, while that of all three of the lemaining lesting animals had 
reached the normal level This retardation of the return of the choles- 
teiol of the blood to the normal level when potassium iodide was admin- 
istered IS not in harmony with the findings of Seel and Creuzberg, who 
reported a more rapid decrease in the amount of cholesterol in the blood 
of the animals fed iodine after twenty-four days of administration of 
cholesterol An explanation of the aforementioned differences is not 
obvious, although both Rosenthal and Seel and Creuzberg administered 
smallei doses of iodine 

The relatively lapid decrease in the amount of cholesteiol esters in 
the blood serum of the rabbits receiving potassium iodide implies eithei 
storage or destiuction of the esters The presence of large amounts of 
free cholesterol in the blood serum suggests mobilization of stoied cho- 
lesterol and favors the hypothesis that the esters were destroyed The 
mobilization of stoied cholesterol undei the influence of potassium 
iodide, if it occurs, not only would account for the retardation of the 
return of the cholesterol content of the blood to noi mal levels but might 
also explain the somewhat greater degree of atherosclerosis in the rabbits 
which received potassium iodide 

The experiments of Murata and Kataoka,® Fiiedland'^ and Turner 
and Khayat ® pointed to the thyroid gland as having a role m the pre- 
A’^ention of expeiimental atherosclerosis in rabbits Examination of the 
thyroid glands of the rabbits fed cholesterol for one hundred and five 
days and then either permitted to rest for from one to three months or 
fed potassium iodide foi the same peiiods failed to leveal consistent 
differences Practically all the glands in both groups Avere composed 
piedominantly of large follicles, lined by flat epithelium and filled with 
Avell stained colloid There Avas no correlation betAveen the state of the 
thyroid gland and the degree of atherosclerosis 

SUMMARY 

Potassium iodide fed m large doses for from one to three months 
to labbits in Avhich athei osclerosis had pieviously been induced by pio- 

6 Alurata, At , and Kataoka, S Verhandl jap path Gesellsch 8 221, 1918 

7 Fnedland, 1 B Ztschr f d ges exper Med 87 683, 1933 

8 Turner, K B , and Khayat, G B J Exper Aled 58 127, 1933 
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longed feeding of cholesterol does not influence the late oi nature of 
the involution of the vascular lesions 

Potassium iodide appears to retard the return of the cholesterol 
content of the blood to noimal levels although it markedly depresses 
the ratio of the amounts of cholesterol esters and fiee cholesterol It is 
suggested that this letardation ma} be due to mobilization of stored 
cholesterol fiom the tissues 

Dr W M Sperry of the Babies Hospital determ ned the \alues for cholesterol 



EXPERIMENTS RELATIVE TO VACCINATION AGAINST 
TUBERCULOSIS WITH THE CALMETTE-GUERIN 
BACILLUS (B C G) 

B J CLAWSON, M D 

MINNEAPOLIS 

During lecent yeais a gieat deal of mteiest has been stimulated in 
the possibility of inci easing the piotection of children against tubei- 
culosis by vaccinating them with the Calmette-Guenn bovine strain of 
the tubeicle bacillus (BCG) In most cases the vaccine has been admin- 
istered 01 ally, but lecent eftoits have been directed toward the use of 
the vaccine injected as living oigamsms subcutaneously This method 
of giving the vaccine has been used by Heimbeck ^ and by Pai k and 
his associates - 

The hteiature on B C G is extensive, and a complete analysis is not 
attempted m this paper A compi ehensive digest of the literatuie that 
appeared up to 1929 was published by Petioff'* Since 1929 critical 
reviews have been written by Bouquet,'* Kiaus “ and Luiie® 

From these reviews it is evident that theie is still lack of agieement 
in regard to the innocuousness of B C G Most w’-orkers seem to agree 
that for the most part BCG may be looked on as a strain of the tubeicle 
bacillus which has lost its property of producing progressive tuberculosis 
Other experimenters have reported that under certain conditions of cul- 
tivation, as in deep peptone broth (Dieyer and Vollum ’'), by the addi- 
tion of normal rabbit serum (Sasano and Medlar ®) or by growing the 
organisms in contact with antiserum (Petroft), the strain may become 
virulent and produce progressive tuberculosis Numerous experiments 
have been reported, some seemingly to prove and some to disprove 
these contentions The recent work of Park and his associates seems 
to show fairly definitely that the inoculation of children subcutaneously 
wuth large doses of living BCG car ries with it no definite danger 

From the Department of Pathologi, the Umversitj of Minnesota 

1 Heimbeck, T Arch Int Med 49 957, 1932 

2 Park, W H , Kereszturi, C , and Mishulow, A B JAMA 101 1619 

1933 

3 Petroff, S A Am Rev Tuberc 20 275, 1929 

4 Bouquet, A Am Rev Tuberc 24 764, 1931 

5 Kraus, Rudolf Am Rev Tuberc 24 778, 1931 

6 Lurie, MB J Exper Med 60 163, 1934 

7 Drever, G, and Vollum, R L Lancet 1 9, 1931 

8 Sasano, K T , and Medlar, E M Am Re\ Tuberc 23 215, 1931 
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Calmette obseived moie than 400 autopsies performed on children 
who had been vaccinated but had died of othei causes In none of 
these childien did he note evidence of tubeiculous lesions 

There is also failure among experimenteis to agree in legard to 
the value of B C G in developing resistance to subsequent infections 
with virulent bovine or human strains Most observers agree, however, 
that a degiee of resistance follows vaccination 

In the experiments reported in this paper an effoit was made to 
study quantitatively immune leactions in experimental tuberculosis 
Alleigy and lesistance weie studied as related to each othei and as each 
is related to antibodies, agglutinins, complement-fixing antibodies, 
opsonms and lysins 

The 1 elation of these reactions to the pathogenesis of pulmonary 
tuberculosis was observed to see whether in a compaiative way helpful 
conclusions could be drawn concerning the pathogenesis of pulmonary 
tuberculosis in man 


MATERIALS AND METHODS 

The strain of B C G used in the experiments was obtained from Feldman and 
IS the one used by him to produce lesions m rabbits Feldman obtained this strain 
from Calmette in January 1930 The organism vas cultured by Feldman on 
glycerin-broth-potato medium until October 1930 Subcultures were made every 
four weeks From October 1930 until April 1933 the organism was grown with 
monthly transfers on Feldman’s modified gljcerinated egg medium Since April 
1933 this strain has been subcultiircd each month on agar to which was added 02 
per cent dextrose, veal infusion and 5 per cent glycerin It has not come in contact 
with bile since October 1930 Since coming into my possession it has been kept 
most of the time at 37 C , and large quantities have been growm 

The virulent bovine strain (Ravenel) used in testing resistance in rabbits was 
supplied by Lurie from the Henry Phipps Institute Lurie found that when 
0 01 mg of these organisms was injected intravenously into rabbits death from 
pulmonary and generalized tuberculosis resulted on an average in about forty days 
These findings were confirmed in my work The human strain (H 37) was used 
m testing resistance in guinea-pigs 

Old tuberculin was used in determining the presence and degree of allergj 
One milligram of old tuberculin was injected intracutaneously The volume injected 
was 0 1 cc This amount injected into the skin of the rabbit or guinea-pig pro- 
duced an excellent wheal The tuberculin was of such potency that when 0 05 mg 
was injected intracutaneously into a person allergic to the tubercle bacillus a strong 
positive reaction was elicited Reactions m the rabbits and guinea-pigs were 
observed forty-eight hours after the injection of the tuberculin Redness with 
slight induration was read as -f- Extreme redness and induration with necrosis 
were reported as f-f- f- The readings -f— 1- and -f-J — f- indicated intermediate 
stages of induration without necrosis Necrosis in the area of injection was required 
for a reading of -p-f-p-f 


9 Calmette, A Am Rev Tuber c 27 1, 1933 

10 Feldman, W H Am J Path 8 755, 1932 

11 Lurie, M B Personal eommumcation 
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The degrees of development of the microscopic lesions observed in the visceral 
organs of the animals were recorded in grades of from + to +4 — j — |- Grade + 
represented only an occasional area of tuberculous pneumonia or a small, solitary 
epithelioid tubercle Grade ++++ represented many tubercles or areas of tuber- 
culous pneumonia scattered thickly throughout the slides Grades -j — h and 4 — | — 1- 
mdicated intermediate stages 

Rabbits weighing from 3 to 4 pounds (13 to 18 Kg ) were used in studying 
safety and resistance and guinea-pigs in studying resistance developed to the human 
strain 

The rabbits in the regular course of vaccination received four injections of 
1 mg of B C G at intervals of one week Several rabbits, for comparison of the 
degrees of allergy and resistance, were given more injections or larger amounts, or 
both When it was desired to make animals allergic each rabbit was given one 
injection subcutaneously of from 1 to 4 mg of living BCG 

The BCG used for vaccination was ground m a mortar into a fine suspension 
in a salt solution The suspension had a milky appearance, but particles could not 
be detected The organisms were killed by heating m a water bath at 60 C for 
thirty minutes The sterility of the vaccine was confirmed by failure of large 
quantities of the heated organisms to grow on agar containing veal infusion and 
glycerin, on which living organisms grew readily 

The four following methods of administering the vaccine were studied and 
compared injection of (1) living organisms subcutaneously, (2) living organisms 
intravenously, (3) heat-killed organisms subcutaneously and (4) heat-killed organ- 
isms intravenously 

A series of rabbits were also given injections of living BCG directly into the 
lung through the trachea by means of a long needle The purpose of this manner 
of administering the BCG was to study the comparative effects of allergy and 
resistance in the pathogenesis of tuberculosis 

The four methods of giving the vaccine were suggested by results obtained 
from vaccinating rabbits with streptococci In the experiments on vaccination 
with streptococci I found that the intravenous method of administering the vac- 
cine proved to be superior to the subcutaneous method in developing a higher degree 
of resistance, as demonstrated by the greater rate of destruction of organisms in 
the blood and liver and by a much higher agglutination titer It was also shown 
that the intravenous method had an advantage over the subcutaneous in not pro- 
ducing a measurable amount of hypersensitiveness (allergy) to streptococci in the 
animals given injections and m desensitizing animals already hypersensitive This 
greater degree of protection and the absence of allergy applied to both living and 
heat-killed streptococci when injected intravenously The guinea-pigs were vac- 
cinated subcutaneously with living organisms only The amount given at each of 
the four weekly injections was 0 05 mg 

An attempt was made in the experiments reported in this paper to 
find the safest method of administering BCG vaccine which would 
result in the highest degree of resistance The two chief considerations, 
therefore, were safety and resistance 

SAFETY 

The factors of safety studied in vaccinating animals with BCG 
were (1) m echanical injuries, such as bacterial emboli in the brain or 

12 Clawson, B J J Infect Dis 53 157, 1933 
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other organs, (2) immediate oi delayed toxic efiects of the \accine 
on noimal oi allergic animals, (3) whethei or not allergy resulted and 
the significance of the allergy, and (4) development of lesions in the 
visceial oigans (lungs, hvei, spleen and kidneys) as a result of vac- 
cination 

Mechanical Injiiiies — These injuries, if piesent, would be most 
likely to be obseived in the animals vaccinated intravenously with organ- 
isms, either living oi heat-killed The bram, lungs, liver, spleen and 
kidneys fiom man) animals vaccinated intiavenously oi subcutaneously 
and killed foi the purpose oi djing of othei causes were examined 
microscopically In none of the oigans of the animals were clumps of 
acid-fast oiganisms shown, and theie was never any change in the 
tissues which gave evidence of embolism At no time was there any 
clinical 01 moiphologic evidence of ill effects from mechanical causes 
Fiom the standpoint of mechanical injury vaccination subcutaneously 
or mtravenouslj with living or heat-killed BCG seemed to be safe 

Toxic Results — The possibility of toxic results was studied in normal 
animals and in animals which had been made allergic In moie than 
250 normal animals i accinated by one of the four methods and observed 
at peiiods of fiom a few weeks to as long as five months after the last 
injection of the vaccine theie weie no evidences of toxic effects, either 
immediate or delayed, othei than those detected after injection of any 
othei vaccine The animals continued to be healthy and to grow and 
gam in weight 

Many animals weie given a double dose of vaccine at each injection 
Some weie given many injections Several Aveie given intravenous 
injections of 1 mg of living B C G at weekly intervals for as long as 
seventeen weeks In none of the vaccinated animals were there at any 
time indications of toxemia due to vaccination 

The absence of toxic effects was obseived only in normal animals 
Different results Avere obtained in animals Avhich had been made allergic 
and then given intravenous injections of B C G, especially in large doses 
In the allergic animals marked toxic symptoms Avere noted in fiom 
twelve to twenty-four houis aftei an inti aA^enous injection of a large 
dose of liAung or heat-killed BCG In some of these animals death 
occurred (table 4) 

Allei gy — Anothei consideration for safety in A^accinating Avith BCG 
is whether an alleigic state is developed in the course of vaccination 
The term allergy as used in this papei is synonymous Avith hypersensi- 
tweness to tubeiculoprotem This type of hypersensitiveness or allergy 
is exhibited as a delayed local reaction at the point of injection or as 
delayed general shock following an intravenous injection The local 
reaction is indicated by redness, SAA’^elhng and cellulai infiltration fol- 
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lowing an intracutaneous injection of tubeiciilin and is called the 
Mantoux reaction This type of hypersensitiveness was classified as 
“hypei sensitiveness to infection” by Coca and Cooke Rich and 
Lewis referred to it as “an inflammatory-necrotizing type of hyper- 
sensitiveness to tuberculosis ” Zinssei spoke of such hypersensitive- 
ness in geneial as “bacterial allergy” 

The two impoitant things to know about allergy, if it is developed 
duiing a course of vaccination with B C G, is whether the allergic state 
may be dangerous and whether its presence is necessary for resistance 
The significance of allergy in the pathogenesis of tuberculosis also has 
to be considered 

It IS now generally believed that necrosis with its harmful results 
in tuberculous lesions is dependent on the allergic state Long stated 
that the opinion is now growing more general that necrosis is largely 
the effect of the protein of the tubercle bacillus on a body made hyper- 
sensitive to the micro-organism by preexisting infection with the bacillus 

Rothschild, Fnedenwald and Bernstein,^’^ from experiments in desen- 
sitizing tuberculous guinea-pigs with tuberculin, concluded that allergy 
was responsible for necrosis and mechanical spread in tuberculosis 

Birkhaug^® found that better protection was obtained from vaccin- 
ating guinea-pigs with B C G if the animals were not infected with the 
human strain until the allergy due to vaccination had decreased 

Evidently much harm may result from necrosis in a tuberculous 
organ The necrosis can be a means of wide dissemination of the bacilli 
with spread of the infection It would seem, therefore, that allergy 
should be looked on as a harmful factor in tuberculosis and should be 
avoided in vaccination against tuberculosis if resistance can be developed 
as well without it 

There is a dispute among immunologists at present as to whether 
allergy is necessarily a part of the state of resistance in tuberculosis as 
well as in other diseases It is commonly stated that without allergy 
there is no resistance in tuberculosis 

Rich and his associates concluded that it has not yet been proved 
that an alleigic state is a necessary part of the general process of 

13 Coca, A F , and Cooke, R A J Immunol 8 163, 1928 

14 Rich, A R , and Lewis, M R Bull Johns Hopkins Hosp 50 llS, 1932 

15 Zinsser, H Bull New York Acad Med 4 351, 1928 

16 Long, E R Am Rev Tuberc 22 467, 1930 

17 Rothschild, H , Fnedenwald, J S , and Bernstein, C Bull Johns Hop- 
kins Hosp 54 232, 1934 

18 Birkhaug, K E Am Rev Tuberc 27 6, 1933 

Rich, A R , Chesne}'', A M , and Turner, T B Bull Johns Hopkins 
Hosp 52 179, 1933 Rich, A R, and Brown, J H Proc Soc Evper Biol & 

Med 27 695, 1930 Rich, A R , Jennings, F B , and Downing, L M Bull 

Johns Hopkins Hosp 53 172, 1933 
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immunity (resistance), tuberculous or otherwise They showed that 
lesistance m syphilis may be present when the reaction to the luetin 
test (indicating the allergic state) is negative They also demonstrated 
by injecting into noimal animals the serum of immune animals which 
weie both resistant and allergic to the pneumococcus that the resistance 
was tiansferied to the normal annuals while the alleigic factoi was left 
behind Their experiments m desensitizing animals immune and allergic 
to the pneumococcus oi to Bacillus avisepticus and latei in demon- 
strating marked lesistance m these desensitized animals also seem to 
show that allergy is not necessaiy in the phenomenon of protection 
Similar results were obtained by Rothschild, Friedenwald and Bern- 
stein by desensitizing guinea-pigs alleigic to tuberculosis 

Branch and Cuff weie able by injecting heat-killed tubercle bacilli 
intravenously or intramuscularl} to develop resistance m guinea-pigs to 
the human tubercle bacillus without associated allergy 

In experiments m vaccination with streptococci I found that gen- 
eral resistance to streptococcic infection could exist without allergy It 
was also concluded fiom these experiments that allergy as related to 
general resistance in streptococcic infection is a useless and at times a 
harmful phenomenon 

The opinions for and against the necessity of allergy m the immune 
state m tubeiculosis are illustrated by the writings of Zinsser and 
Mueller,-^ Petroff and Stewart -- and Seibert 

Zinsser’s concept of the i elation of allergy and resistance is that the 
alleigic state and increased resistance are parallel, and perhaps causally 
1 elated, phenomena and that the substance on which alleigy depends 
may possess protective functions differing, and based on another 
mechanism, from those possessed by antibodies 

Petroff and Stewart stated that it is now generally accepted that 
the resistance of animals to supermfection depends chiefly on the 
degree of the allergic state and that the absence of allergy, as demon- 
strated by the reaction to the mtiacutaneous tuberculin test, spells sus- 
ceptibility to infection They found by experiments that guinea-pigs 
sensitized with killed tubercle bacilli and later inoculated with Ining 
tubercle bacilli outlived normal guinea-pigs infected in like mannei 
which were used as controls The vaccinated pigs were alleigic 

Seibert, on the other hand, from experiments on sensitization with 
tubeiculm protein concluded that a high degree of hypersensitiveness 
to tuberculin protein confeis no immunity oi increased resistance to 

20 Branch, A , and Cuff, JR J Infect Dis 47 151, 1930 

21 Zinsser, H , and Mueller, J H J Exper Med 41 159, 1925 

22 Petroff, S A , and Stewart, F W J Immunol 12 97, 1926 

23 Seibert, F B Proc Soc Exper Biol & Med 30 1274, 1933 
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subsequent tuberculous infections On the contrary, it seems to hasten 
and extend the lesion and to be associated with much more extensive 
necrosis and caseation than aie noted in nonsensitized animals It is 
evident from these experiments that Seibert considered allergy in tubei- 
culosis not only unnecessary to resistance but actually harmful 

Since it has been shown that allergy has a harmful aspect and that 
resistance may exist without allergy, it became important m the piesent 
experiments to study allergy as related to vaccination with B C G in an 
attempt to determine whether an efficient method of vaccination could 
be developed in which allergy was not produced In the animals vac- 
cinated by the four methods described allergy was studied in respect to 
(o) frequency and degree, (h) time of appearance after vaccination, 
(c) duration, (d) comparative duration of allergy and resistance, (e) 

Table 1 — Frequency and Degi ee of Allergy m Rabbits Vaccinated by 

Four Methods 
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effects of existing allergy in animals subsequently vaccinated, (/) rela- 
tion to antibodies, {g) relation to resistance and (/z) relation to lesions 

(a) The frequency and degree of allergy resulting from vaccination 
by the four methods aie shown in table 1 Allergy was gieatest both in 
frequency and in degree in the animals vaccinated subcutaneously or 
intravenously with living organisms The degree was much less in the 
animals vaccinated subcutaneously with heat-killed BCG No allergy 
occurred in the animals vaccinated intravenouslv with heat-killed 
organisms 

From the standpoint of the danger of producing allergy by the 
process of vaccination, the method of administering the vaccine intra- 
venously as heat-killed organisms proved to be the one of choice The 
degree of allergy in the group of animals vaccinated subcutaneously 
with heat-killed organisms was slight, and as shown later in the experi- 
ments, such allergy soon disappeared 

(&) The time of appearance of allerg}- carries nith it a good deal 
of significance from the point of view of the effect of allergy on a 
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second infection In most discussions of primai} and secondary pul- 
monaiy tuberculosis it is assumed that the first type develops in the 
absence of alleigy while the second is influenced m its progress by 
alleig}’' Rothschild, Friedenwald and Beinstem in expei imental tuber- 
culosis in guinea-pigs found that alleigy appeared as soon as seven 
days aftei an infection with human tubercle bacilli 

In my expei iments the animals \\ere legularly tested for allergy 
three weeks after the last injection of the \accme If allergy had not 
appeared by this time it uas found by many lepeated tests that it did 
not appear In 100 consecutive animals in which positive reactions to 
the Mantoux test were obtained allerg)' was present at the latest in three 
weeks after the last injection It legularly appeared three weeks after 
a single subcutaneous injection of living oiganisms, and in one senes 


Table 2 — Dmalton of Allcigv Rcstdhug ftom Vaccmation tvtth BCG 
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tested alleigy was piesent two weeks after the sensitizing injection It 
may be said that allergy appears eaily in the de-velopment of lesions 
and that few if any tubercles observed are developed without the 
influence of allergy 

(c) The duration of allergy has a significant bearing from the 
standpoint of its effect on superinfection in the pathogenesis of 
tuberculosis In table 2 is shown the duration of allerg)' m 14 vac- 
cinated animals It was noted that severe allergy, giades -1 — i — h 
and -1 — I — I — }-j to accination with BCG disappeared in about 

three months A less degree tended to disappeai in a shorter time 
It IS probable that allergy associated with vaccination with BCG 
disappears more rapidly than the allergy resulting from an infection 
with virulent bacilli, for lesions due to B C G tend to heal more rapidly 
and, as has been shown, allergy seems to be dependent on lesions 

(cf) The comparative duration of allergy and resistance has been 
a question of considerable dispute It has commonly been assumed 
that without allergy there is no resistance If this were true, according 
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to the aforementioned findings, resistance due to vaccination could 
last but about thiee months Wilhs,^^ m experimental tuberculosis 
in guinea-pigs, found the animals to be highly resistant to an inocula- 
tion of virulent bacilli after the allergy due to a pieexisting infection 
with an oiganism of lower virulence had passed off 

In table 3 aie shown the results obtained foi 8 rabbits in which the 
duration of allergy and resistance was measuied and compaied Thiee 
weeks after the last injection of the Aaccme all 8 animals weie allergic, 
from -j- -f- to -f- + + + Just before the animals were given injec- 
tions subcutaneously of 0 01 mg of virulent bovine bacilli the allergy 
had disappeared entirely m 4 labbits and remained -j — ] — [- m 4 The 
time between the vaccination and the injection of viiulent organisms 


Table 3 — Comparative Diuatwn of Alleigy and Resistance m Rabbits Vaccinated 
with BCG and Latei Inoculated Subcutaneously with 0 01 Mg of 
Viiulent Bovine Tubeicle Bacilli (Ravenel) 
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was from two to four months Three months after the injection of 
virulent bacilli, the time at which the animals were killed for examina- 
tion, all gave negative reactions to the Mantoux test At this time none 
of the animals showed tuberculosis Nonvaccinated animals used as con- 
trols had extensive generalized tuberculosis From the observations m 
this experiment it was obvious that resistance can exist in the absence of 
allergy and may outlast allerg)'- 

(e) The effects of existing allergy on animals when subsequently 
vaccinated have to be considered carefully in the piactice of vaccinating 
with BCG, especially if the intravenous method of vaccination is 
used Vaccination of persons against tuberculosis so far has been 
limited to nonallergic subjects It has been suggested from my experi- 
ments that vaccination of allergic persons might gieatly increase the 
degree of resistance The question whether such vaccination could be 
done safely arose 


24 Willis, H S Am Rev Tuberc 17 240, 1928 
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In the discussion of toxic effects from vaccinating noimal animals 
leference was made to the different results obser\ed when animals 
already allergic were vaccinated mtiavenously, especially with large 
doses The harmful results in such animals fiom the standpoint of 
toxic effects are shown m tables 4 and 5 Five labbits were made 
allergic by giving each of them subcutaneously an injection of 1 mg 
of living BCG (table 4) Thiee weeks latei these animals weie tested 
foi alleigy The reactions of the fiist 4 animals weie + + +>+ + +> 


Table 4 — Degtce of Allctgy Obtamcd by lujccftug Hcal-Ktllcd BCG Ltfiavcn- 
ously into Animals Picviously Gwen Subcutaneous Injections 
of 1 Mg of Living BCG 
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* E\perimcnts on rabbits 4 and 5 were repeated 


Table 5 — Allcigtc Reactions Obtained by Foil) Weekly Injections Inti avenoitsly 
of Heat-Killed BCG (0 25 0 5,0 5 and 05 Mg) mto Animals Previously 
Made Alleigic bv Injeetion of 4 Mg of Living 
BCG Subcutaiicoiislv 
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+ + and +, respectively The fifth animal showed no allerg)’^ Each 
labbit then received an injection intravenously of 4 mg of heat-killed 
BCG The first 3 animals collapsed after a few hours and died within 
twenty-four hours The fouith became sick but survived The fifth 
showed no ill effects from the injection Mantoux tests showed that 
the fourth and fifth animals still gave reactions of -f- and — , respectively 
Each animal was then given an intravenous injection of 3 mg of 
heat-killed BCG The fourth animal died within twenty-foui hours, 
and the fifth remained v ell 

Another experiment showed that with smaller doses allergic 
animals could be vaccinated intravenously without toxic results (table 
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5) In this experiment 5 rabbits weie made allergic by a subcutaneous 
injection of 4 mg of living BCG Three weeks after this subcutaneous 
injection the animals were tested for allergy and found to give 
-1-, + + +, + + +, + + + and + + + reactions They 
were then vaccinated mtiavenously with heat-killed BCG, first with 
0 25 mg and on the three following occasions with 0 5 mg Two weeks 
after the last injection of the vaccine all the animals were well and 
completely desensitized, as indicated by a negative reaction to the 
Mantoux test Four weeks after the last injection of the vaccine the 
animals were still well, but allergy had returned in the first 3 rabbits 
in grades, respectively, of -b -f- +, + -f The results obtained in 
respect to toxic effects from vaccinating allergic animals with BCG 
showed that when the animals were given intiavenous injections of 
large doses toxicity to the extent of producing death occurred How- 
ever, with small doses of heat-killed BCG administered mtiavenously 
allergic animals could be vaccinated without toxic effects Such animals 


Table 6 — Allergy and Humoral Antibodies m Animals Vaccinated zmth BCG 
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foi a time at least were desensitized The possibility of injuiy to 
visceral organs in vaccination of allergic animals is discussed m con- 
nection with the relation of lesions and methods of vaccination 

The results described in the experiments on allergic animals demon- 
strate a danger which should be taken into consideration in vaccinating 
children with BCG, especially if they give a positive leaction to the 
Mantoux test 

(/) The relation of allergy to antibodies is significant in vaccina- 
tion with BCG, for, as is shown later, an elevation of antibodies m 
the serum tends to be correlated with the development of resistance 
If there is a similar correlation between allergy and antibodies it might 
be assumed that allergy could be used as an indicator of lesistance or 
that the absence of allergy indicated the absence of resistance Rich 
and Lewis and Aronson showed by experiments with tissue cultures 
that allergy existed in the tissues independent of antibodies in the 
circulating blood 

In table 6 are shown the average agglutination and complement-fixa- 
tion titers foi gioups of allergic and nonallergic animals In 10 animals 


25 Aronson, J D J Exper Med 54 387, 1931 
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allergic reactions in degrees of from -{- -j- to ■+• + + were produced 
The aveiage agglutination titer of these 10 animals was 1 375, and 
the average complement-fixation titer, 1 250 The second group of 
15 animals had no allerg}^ The average agglutination titer of these 15 
animals was 1 200, and the average complement-fixation titer, 1 230 
The titers for the allergic animals were slightly higher than those for 
the nonallergic animals This slight difference apparently was due not 
in any way to the alleigy but to the fact that animals given injec- 
tions of living organisms, especially intravenously, have higher antibody 
titeis The frequency with which such injections produce allergy is 
also high The significant thing shown was that a i datively high 
antibody content could exist without associated allergy 

Anothei method of studying the relation of allergy to antibody 
content was by desensitizing allergic animals by means of intravenous 
injections of B C G (table 7) Five rabbits were made allergic by 

Table 7 — Relation of AUciqy and Humoial Antibodies in Desensitised Animals 
Which Had Been Allci gic to BCG 
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* Each of five control animals made allergic In a similar manner had a maximum comple 
ment fixation titer of 1 ICO, which dropped in three wccLs to from 1 0 to 1 60 

injecting subcutaneously 4 mg of living BCG Before desensitization 
of the animals by four weekly injections of heat-killed BCG the 
degree of allergy of 1 of these animals was + + and that of 4, -f- -j- + 
The agglutination titers before desensitization were 1 50 and 1 400 
The complement-fixation titers were all 1 160 After desensitization 
all animals gave a negative reaction to the Mantoux test The agglu- 
tination titeis rose in the process of desensitization to from 1 400 
to 1 800 and the complement-fixation titers to from 1 1,300 to 1 1,500 
In 5 sensitized animals used as controls the maximum complement- 
fixation titer was 1 160, which dropped in three weeks to from 0 to 
1 80 This experiment showed that desensitization to the extent of 
producing complete absence of allergy could be brought about by intra- 
venous vaccination and that the content of antibodies was increased 
m the process of desensitization 

Experimental results given m table 8 show that a high degree of 
allergy can be present m the absence of antibodies Ten animals were 
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made allergic by one large subcutaneous injection of living BCG 
Three weeks after the sensitizing injection the animals were tested 
for alleigy The first 8 animals had allergy of grade + + +j 
next 2, grade + + The seiums were tested for agglutinins at the 
same time In none was theie found a titer as high as 1 50 

What was found in regard to a piopoitionate oi necessaiy i elation 
between allergy and agglutinins and complement-fixing antibodies was 
also noted with respect to opsonins (table 9) It was shown in this 

Table 8 — Allergy and Agglutinins m Animals Thiee Weeks Aftei Subcutaneous 
Injectwn m One Aica of 4 hlg of Living BCG 
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Table 9 — Average Nunibct of Bacilli (BCG) Phagocyfosed by One Hundted 
Normal Mononuclear Leukocytes m One Hour in the Presence of Normal or 
Immune Serums (Dilution 1 75), Agglutination 
Titers of the Serums 
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* KS indicates serum immunized ’nith heat Killed organisms Injected subcutaneously, TS, 
that with living organisms injected subcutaneously, I, that with living organisms injected 
Intravenously, and KI, that with heat Killed organisms injected intravenously 

experiment that greater phagocytosis took place with the serums of the 
animals which received intravenous injections of defatted or heat- 
killed BCG and that m none of these animals was alleigy ever found 
From the observations m the four experiments just described it was 
concluded that no definite proportionate or necessaiy i elation exists 
between the piesence of bacterial allergy and the concentration of anti- 
bodies, such as agglutinins, complement-fixing antibodies and opsonins 
From othei experiments the same thing can be said in regaid to lysins 
(g) The relation of allergj^ to resistance has been discussed m general 
in connection with the literature on allergj^ The absence of correlation 
between the presence of allergy and antibodies, already mentioned. 
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suggested that allergy was not necessaiy to resistance One necessarily 
should be ceitain that resistance can exist without allergy before 
attempting to vaccinate so as to get rid of the harmful effects of allergy 
Observations were made m the present experiments which gave 
information on this point In table 10 the i elation of allergy and 
lesistance is shown Forty vaccinated animals were selected, all of 


Table 10 — AUcigy and Resistance m Animals Vaccinated mth BCG and Later 
Inoculated Subcutaneously zaith 0 01 Mg of Vvulent 
Bovine Bacilli (Ravcncl) 



Allcrcy, Decree 

Resistance as Indicated b> 
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Degree of Tuberculosis in 
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— K — ^ 

Xumber 

Intill) 

Inoculnted 

Lungs 

Kidnejs 

1 

0 

0 

0 

0 

2 
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0 
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0 

3 

0 
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0 

0 

i 
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0 

0 

0 

'j 
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0 

0 

G 
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0 

0 

7 
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0 

0 

0 

8 
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0 

0 

0 

9 
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0 

0 

0 

10 

0 

0 

!- 

0 

11 

0 

0 

4- 

0 

12 
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0 
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0 

IS 
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0 

4* 

0 

14 

0 

0 

+ 
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15 

0 

0 

-r 

0 

1C 

4. 
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0 

0 

17 

4- 

0 

0 

0 

18 

4.4. 

0 

0 

0 

19 

T-^ 

0 

+ 

0 

20 

^ ;.4. 

0 

0 

0 

21 

4. 4.4. 

0 

0 

0 

22 

U 

0 

0 

0 

is 

4-4 -r 

0 

+ 

0 

24 

T* 

4- 

0 

0 

25 

+ 

4- 

0 

0 

2C 

4. 

+ 

0 

0 

27 

+ + 

4 ^ 

0 

0 

28 

•4 -r 

}-+ 

0 

0 

29 

+ + 


0 

0 

so 

+ + 

4- U 

0 

0 

SI 

( + + 

+ + + 

0 

0 

32 

-r-4 


0 

0 

33 

4-4.4. 

I-+ h 

0 

0 

34 

++ h 

+ 

0 

0 

35 


4- 4..f 

0 

0 

30 

+ + + 

t--i "f" 

0 

0 

37 

+++ 

4.4..^ 

0 

0 

SS 


+ 4 \ 

0 

0 

39 


4“ h 

0 

0 

40 

+-+ h 


0 

0 


which weie later inoculated subcutaneously with 0 01 mg of virulent 
bovine tubercle bacilli All showed eithei complete protection or only 
a slight amount of tuberculosis in the lungs, + on a basis of + + + “}"> 
ninety days aftei the injection of virulent bacilli The degree of allerg}' 
was determined three weeks after the injection of the vaccine and 
again at the time of the injection of viiulent organisms Fifteen of the 
protected animals showed no allergy at any time, and 23 of the 40 
animals weie not allergic at the time of the injection of virulent 
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bacilli Resistance existed equally well in the absence of allergy and 
in its presence No obvious interdependence of allergy and resistance 
was noted The findings in the expeiiments justified the attempt to 
develop resistance by a method of vaccination which produced adequate 
resistance without the harmful factor of allergy 

Lesions Due to Vaccination — Another factor of safety to be con- 
sidered in vaccinating with B C G is whethei lesions are produced 
in the visceral organs during the course of vaccination Many animals 
were vaccinated by the four methods aheady noted In table 11 are 
lecorded the observations in respect to lesions produced in internal 
organs of normal animals by each method Microscopic examination 
revealed no lesions in the lungs, liver, spleen and kidneys after vaccina- 
tion in any of the animals except in the gioup vaccinated intravenously 


Table II — Fieqttency and Degtee of Lesions m Visceial Oigans of Animals 
Vaccinated bv the Fom Methods 


No 

of 







Lesions 










Lungs 





Li} er 





Spleen 




mals Methods ++ + + 

4'4'4‘ 

•4~ + 

+ 

0 

+ + + "f-f 

+ 

0 

+ 4'4" +4* 

+ 

o' 

10 Subcutaneously, 
li-ving organisms 

0 

0 

0 

0 

10 

0 

0 

0 

0 

10 

0 

0 

0 

0 

10 

12 Intravenously, 
living organisms 

1 

3 

1 

4 

3 

0 

4 

0 

0 

8 

0 

4 

0 

0 

8 

10 Subcutaneouslj, 
heat killed 
















organisms 

0 

0 

0 

0 

10 

0 

0 

0 

0 

10 

0 

0 

0 

0 

10 

10 Intravenous]}, 
heat killed 
















organisms 

0 

0 

0 

0 

10 

0 

0 

0 

0 

10 

0 

0 

0 

0 

10 


with living organisms In this gioup of 12 animals lesions of giades 
-f- to -] — I — (- occurred in the lungs of 9 Lesions of grade -] — | — f- 
weie present in the liver of 4 animals Foui of the 12 animals had lesions 
m the spleen, all of grade + + + It would appear, because of the 
frequency and degree of lesions resulting fiom this method, that it 
should be contraindicated as a means of vaccinating against tuberculosis 
The other three methods in normal animals appeared to be safe 

Lesions of slight degree in some cases developed in the internal 
oigans of allergic animals when vaccinated intravenously with heat- 
killed organisms in doses which did not cause lesions or toxic effects 
in normal animals The lesions obtained by vaccinating allergic animals 
with small doses of heat-killed BCG are indicated in table 12 Six 
rabbits weie made allergic by subcutaneous injection in one area in 
each animal of 4 mg of living BCG Three weeks after this sen- 
sitizing injection the animals weie tested for allergy and found to 
give leactions of -f -f -f -f -f , ^nd -f -f , 
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lespectively Each animal was then vaccinated with four injections 
of heat-killed BCG, the first dose being 0 25 mg and each of the 
three remaining doses 0 5 mg Tliiee weeks after the last injection of 
the vaccine the animals weie killed, and the oigans were examined 
microscopically foi the presence of lesions Microscopic lesions of grades 
fiom -j- to weie present in the lungs of all the animals and of 

giades fiom -j — h to H — ! — H the liver of 3 No lesions were noted 
m the spleen oi kidneys of any of the 6 animals The gieatest frequency 
and degiee of involvement tended to be m the animals having the greatest 
degree of alleigy In 10 nonalleigic animals vaccinated in a similar 

Table 12 — Results Obtained bv Vaccination of AUcigic Animals 


A AIIorBio Eenctions nnd Anatomic Changes Obtained bj Tour WeeLIj Injections Intra 
tenously of Heat Rilled BCG (0 25, O’!, 0 5 nnd 0 5 Jig) into Animals Pretiousij Made 
Allergic by Injection of 4 Mg of Living BCG Subcutaneously 



In\oh emont 

In\ oh cment 

In\ olvement 

Reaction to 

Number 

of Imngs 

of Ll\cr 

of Spleen 

AInntou\ 'itst 
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++ 


0 

+++ 
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++ 

0 

+++ 

3 

T 

0 

0 

(. 1-^ 
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+++ 

0 

i" 1" 

5 

+ 

0 

0 

d d 

C 

+ 

0 

0 

d- 1 

B Allergy nnd Anatomic 

Changes Obser\ed in 

Ten Animals Used as Controls Gnen Four 

Weel Ij Intra\enous 

Injections of 1 Mg 

of BCG 



1 

0 

0 

0 

0 

2 

0 

0 

0 

0 
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0 

0 

0 

4 
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0 

0 

0 
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0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

0 

8 

0 

0 

0 

0 
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0 

0 

0 

0 

10 

0 

0 

0 

0 


manner, except that 1 mg ot B C G was used m each injection, no lesions 
weie detected in any of the organs The experiments demonstrated 
an increased susceptibility to the development of lesions m alleigic 
animals when given intravenous injections of heat-killed BCG Repeated 
subcutaneous injections into many allergic animals always failed to 
produce lesions in the visceral organs The increased susceptibility to 
lesions (though nonprogressive) noted in the allergic animals should 
be considered a dangerous factor m the vaccination of allergic persons 
Further experiments are in progress to see whether by regulating the 
amount of vaccine given intravenously at each injection the develop- 
ment of lesions m the visceral organs can be prevented The importance 
of the possibility of vaccinating allergic animals intravenously is obvious, 
for by this method of vaccination resistance in such animals is increased 
and desensitization is produced 
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The following conclusions in respect to safety in the use of the foui 
methods of vaccination with BCG can be stated No mechanical 
injuries result from any of the methods Immediate toxic eftects do not 
occur Delayed toxic effects occur only m allergic animals when vac- 
cinated intravenously Allergy occurred in greater degree and frequency 
m animals vaccinated with living organisms, subcutaneously or intra- 
venously Allergy was slight m animals vaccinated subcutaneously with 
heat-killed oigamsms It did not occur at all m the animals given intra- 
venous injections of heat-killed BCG Allergy occurred early and soon 
passed off It disappeared befoie resistance and bore no proportionate 
or causal relation to antibodies or resistance In normal animals lesions 
(nonprogressive) in visceral organs were produced only by injecting 
living organisms intravenously, but m the allergic animals intravenous 
injections of heat-killed oigamsms produced a few lesions Allergy was 
shown to have a haimful aspect and to be unnecessary for resistance 
Except for the presence of allergy all the methods of vaccinating normal 
animals should be considered safe but the one m which living organisms 
are injected intravenously The method in which heat-killed organisms 
were injected intravenously into normal animals was free from all the 
dangerous factors studied Further experiments are needed concerning 
the safety of vaccinating allergic animals or persons, especially if the 
intravenous method of administering the vaccine is used 

RESISTANCE 

Resistance is the chief factor to be considered m the use of B C G 
as a vaccine against tuberculosis, for unless a fair degree of increased 
resistance is developed vaccination, of course, is useless Calmette and 
others have vaccinated a large number of children orally with BCG 
Heimbeck’s work demonstrated a degree of efficiency of B C G vaccine 
m 1 educing the number of cases of clinical tubeiculosis developing 
among nurses exposed to open tuberculosis m the wards Heimbeck 
vaccinated by injecting the living oigamsms subcutaneously Park and 
his associates also vaccinated a large number of children subcutaneously 
with living BCG 

Birkhaug found that guinea-pigs vaccinated subcutaneously with 
living BCG lived longer than normal guinea-pigs inoculated with an 
equal amount of virulent human tubercle bacilli Park and King also 
reported that increased resistance was obtained by vaccinating animals 
with BCG against infections wuth Aurulent tubercle bacilli 

Resistance to tuberculous infection wmuld necessarily have to be 
species-specific Because of this fact I tried m my experiments to 
develop resistance to a virulent bovine strain (Ravenel) and to the 


26 Park, W H , and King, M J Am J Pub Health 19 179, 1929 
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human strain (H 37) Rabbits were used in expeiiments with the bovine 
strain and guinea-pigs in those with the human strain The eMdences 
of resistance were ( 1 ) elevation of the number of antibodies m the serum 
of the vaccinated animals and (2) protection of the animal against 
lethal inoculations of virulent bacilli The antibodies studied in relation 
to resistance were agglutinins, complement-fixing antibodies, opsonins 
and lysins 

TjVblc 13 — Avciagc Agghitination Titcis in Rabbits Vaccinated bv Font Methods 


No of Animals 


Method 


AKRlutlnation Titcr= 


22 Subcutaneous injection of living organism': 1 ’00 

10 Intra%enous injection of Ihlng organl'jms 1 700 

3S Subcutaneous injection of killed organism': 1 joo 

m Intravenous Injection of killed organism:: 1 ICO 


Tablf 14 — Dcgicc of Tttbo cidosis in Not mat and Vaccinated Rabbits Ninctv 
Days Aftc) a Subcutaneous Inoculation of 0 01 Mg of V mil cut Bovine 
Tiibeicic Bacilli, Agglutination and Coniflcnicnt-Fnation Titcis 
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1 

+ 

0 

0 

0 

0 

0 

1 50 

1 100 

2 

+ 4- 
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0 

0 

0 

1 10 

1 160 

3 

+++ 

0 

0 

0 

0 

0 

1 30 
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4 

4“ 4* 4- 

4- 

0 

0 

0 

0 

1 30 

1 ICO 

5 

+++ 

+ 

0 

0 

0 

0 

1 50 

1 ICO 

6 

+++ 

4* 

0 

0 

0 

0 
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7 

+++ 

4-4'4~ 

0 

0 

0 

0 

1 400 
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8 

+ + 

4" 4” 4- 

0 

0 

0 

0 

1 SOO 
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9 

4- 4“ 4* 4* 
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+ 

0 
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4“ 

0 
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1 160 
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++ 

+ 

<1 50 

1 324 

20 





+++ 

0 

1 200 

1 64S 


The average agglutination titers foi animals vaccinated by the four 
methods are recoided in table 13 The average maximum titer for the 
22 animals vaccinated subcutaneously with living organisms was 1 300 , 
for the 10 animals vaccinated intravenously with living oiganisms, 
1 700, for the 38 animals vaccinated subcutaneously with heat-killed 
oigamsms, 1 100, and foi the 53 animals vaccinated mtiavenousl} with 
heat-killed organisms, 1 300 

In table 14 is shown a compaiison of the degiee of tuberculosis in 
normal and in vaccinated rabbits ninety days aftei inoculating them 
subcutaneously with 0 01 mg of the virulent bovine stiain The agglu- 
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tination and complement-fixation titers befoie the injection of virulent 
organisms are also given m each case In none of the 14 normal rabbits 
were antibodies detected Tuberculosis of degrees from -j- to -{- + + + 
was present m the lungs of all the rabbits In only 2 of the animals 
was the degree less than -f-f-f- Tuberculosis was present m the 
kidneys of all but 3 rabbits in grades of from -j- to + -f- + 

The vaccinated animals in the mam showed a decided elevation of 
antibody titer Complete protection was noted in 13 of the 20 animals 
and, as compared with the normal animals used as controls, also in 
the 7 lemammg rabbits The lowest dilution tested for agglutinins was 
1 50 All but 1 of the animals had a titer higher than this The lowest 
dilution tested for complement-fixing antibodies was 1 30 All pio- 
tected animals had a titer higher than this As a rule, the content of 
antibodies in the serum was decidedly elevated in the vaccinated pio- 
tected animals 

The average numbei of BCG bacilli phagocytosed by 100 noimal 
mononuclear leukocytes in one hour at 37 C in the presence of normal 
or immune serums is noted in table 9 The degree of phagocjdosis is 
compared with the agglutination titer The average number of bacteria 
phagocytosed was greatei for the immune than for the normal animals 
The animals vaccinated with defatted or heat-killed organisms showed 
the highest percentages of phagocytosis and also the highest agglutination 
titers The degree of phagocytosis was correlated with the height of the 
agglutination titer 

The lytic action referred to in this papei is that indicated by the 
disappearance of oiganisms so that they are not shown either by acid- 
fast stains or by ordinary methods of staining It seems to be necessary 
for the oiganisms to be phagocytosed before being lysed The technic 
for determining the lytic power of a serum m the presence of mononu- 
cleai cells will be reported m another paper 
• The phagocytic power and lytic action of sei urns on BCG when 
mixed with mononuclear leukocj'^tes are recorded m table 15 The lytic 
action gieatly inci eased as the agglutination titer rose The number of 
the nonlysed bacilli which were phagocytosed also gieatly increased 
with the increase in the titer of the agglutinins 

The concentration of antibodies was inci eased by all the methods 
of vaccination The findings in respect to phagocytosis and lysis sug- 
gested that the degiee of destiuction of organisms (lysis) was cor- 
related with the degree of concentiation of antibodies in the seiums 

The final and surest proof of resistance was protection observed m 
animals against inoculation with lethal doses In the rabbits the degree 
of resistance was measured by the amount of tuberculosis present in 
the lungs and kidneys from foity-five to ninety days after subcutaneous 
injection of 0 01 mg of viiulent bovine tubercle bacilli These organs 
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were the usual sites of the first development of tuberculosis in rabbits 
The amount of tuberculosis seen m the spleen, liver and kidneys of 
guinea-pigs vas used as a standard to measure the protection in these 

Table 15 — Pliagocvttc mid Lytic Action of Noimal Monomiclcai Leukocytes on 
BCG When a Miitinc of Equal Volumes of Leukocytes, BCG and Noinial 
01 Immune Scium (Dilution 1 75) is Incubated zmth Constant Miving 
at ?7 C foi OncHnui, Agglutination Titeis of Sciums 


A'verafre Percentape of Bacteria 
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Table 16 — Degicc of Tubci ciilosis in Nonnal and Vaccinated Rabbits fi om Foity- 
r ivc to Abiich Days Aftci Subcutaneous Inoculation with 0 01 Mg of 
Viiulcnt Bovine Bacilli (Ravcncl) 
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animals It was noted that, as a rule, tuberculosis in gtimea-pigs 
developed in these organs in the ordei of fiequency named 

The degree of tuberculosis in normal rabbits and in rabbits vaccinated 
by three of the aforementioned methods from forty-five to ninety days 
after a subcutaneous inoculation of 001 mg of the bovine strain is 
shown in table 16 On account of the large amount of allerg}'’ and the 
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frequency and degree of lesions m animals vaccinated intiavenously 
with living organisms this method was dropped early from subsequent 
experiments A marked degree of resistance was noted m rabbits vac- 
cinated by all three methods It is doubtful from these experiments 
whether, fiom the standpoint of resistance, one method can be said 
to be superior to another 

Injection into the lung through the trachea of 1 mg of living BCG 
was made in 10 rabbits (table 17) Latei, these 10 and 4 normal animals 
were inoculated subcutaneously with 0 01 mg of viiulent bovine tubercle 
bacilli The injections were made on the same day from the same sus- 
pension All animals were killed foity-five days aftei the injection of 
virulent bacilli The normal animals showed extensive tuberculosis 

Table 17 — Degtee of Tuhetculosis Foity-Fwe Days Aftei a Subcutaneous Inocu- 
lation of 0 01 Mg of Virulent Bovine Tubeicle Bacilli {Ravenel) in Noinial 
Rabbits and in Rabbits Which Had Pieviously Been Gwen 
Injections in the Lung of 1 Mg of Living BCG 



Normal 

Rabbits 

Rabbits Receiving Inicetions of 
BCG in the Lung 

Number 

Lungs 

Kidneys 

Lungs 

Kidneys 
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+ + + 
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++ + 

0 
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+ + + + 

++++ 

0 

0 

5 



0 

0 

6 
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0 
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0 
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+ 

0 

10 



+ 
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The animals previously given injections of living BCG into the lung 
were all free from tuberculosis, except 2 which showed a degree 
in the lung onty Marked resistance was noted m the animals pre- 
viously vaccinated with BCG In several of these animals a nodule 
or two were present in the lung at the point of injection of the BCG 
Eighty per cent of such animals were allergic as a result of the injection 
This experiment gave useful information m regard to the possible 
advantage of a healed Ghon tubercle in the lung 

The protection given to guinea-pigs against infection with the human 
strain (H 37) by vaccinating the animals with living B C G is indicated 
in the observations recorded in tables 18 and 19 In the first group 
(table 18) there were 18 normal and 15 vaccinated guinea-pigs They 
died or were killed after inoculation with H 37 at periods ranging from 
thirty-two to ninety-six days They were then examined for gioss and 
microscopic evidence of tuberculosis The degree of tuberculosis was 
estimated from the amount present in the spleen, liver and lungs Tuber- 




Table 18 — Degice of Tuberculosis and AUcigy {Due to Vaccination) vi Normal 
and Vaccinated Guinea-Pigs fiom TIinty-Tzvo to Nincty-Siv Days After 
a Subcutaneous Jnocniatwn of 0 05 Mg of H 37 
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Table 19 — Dcgiee of Tubei culosis tn the Otgans of Normal and Vaccinated 
Guinea-Pigs Aftci a Subcutaneous Inoculation of 0 05 Mg of H 37 
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culosis was obseived in all the normal guinea-pigs, grade -f- -j- + + 
was noted in 7, grade -j — 1 — j- in 10 and grade -f- in 1 Allergy was not 
present before the injection of virulent organisms in any of the guinea- 
pigs Of the 15 vaccinated animals tuberculosis was absent m 12 It 
was present in the 3 remaining animals in grades from -] — | — [- 
-j- -|- -f Allergy resulting from the vaccination was present in 
grades from -f + to + + + at the time of injection with H 37 

In the second group (table 19) 29 normal and 29 vaccinated guinea- 
pigs were inoculated subcutaneously with 0 05 mg of H 37 m an area 
about half-way between the axillary and the inguinal region The 
amount of tuberculosis m the spleen, liver and lungs of the animals of 
each group is shown for the various periods at which the animals died 
or were killed Twenty-seven days is the shortest time in which tubei- 
culosis developed m the nonvaccmated animals 

When animals from the normal or the vaccinated group died a 
corresponding number from the other groups were killed Sixty 
days after the inoculation with H 37 all the animals still living were 
killed All animals were examined grossly and microscopically for the 
presence and degree of tuberculosis These vaccinated guinea-pigs 
showed a marked degree of resistance to the human tubercle bacilli 

COMMENT 

A series of experiments is described concerned with immune reactions 
in experimental tuberculosis The purpose of the study was to determine 
an experimental basis for the safest and most efficient method of using 
the Calmette-Guenn bacillus (B C G) in developing resistance to 
bovine and human tuberculosis Another consideration in the experi- 
ments was the relation of the reactions included in immunity to the 
pathogenesis of tuberculosis 

In conformity with the course pursued in previous experiments on 
vaccination with streptococci, the BCG vaccine was administered as 
living organisms subcutaneously and intravenously and as heat-killed 
organisms in the same ways The vaccine so administered was studied 
in respect, first, to safety and, second, to resistance No mechanical 
injuries, such as bacterial emboli or any other kind of tissue injury, 
were at any time observed fiom vaccinating manj'^ animals by each of 
the four methods 

No toxic results, eithei immediate or delayed, were noted in the 
normal animals after vaccination With laige doses given intravenously 
to animals already allergic, extreme collapse and death within twentj- 
four hours took place, but ordinal y doses were not accompanied by toxic 
effects in the alleigic animals Subcutaneous injections of the vaccine 
into allergic animals had no ill effects In allergic animals vaccinated 
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with relatively small doses intravenously, small, nonprogressive tubercles 
frequently developed m the lungs, liver and spleen It would seem, 
until further observations and experiments are made, that vaccination 
of persons should be limited to those not having a positive reaction to 
the cutaneous tubeiculin test Howevei, it would be an advantage if it is 
found that allergic animals can safely be vaccinated intravenously, 
for m the process of vaccinating the alleigic animals they are desensi- 
tized, at least foi a time, and resistance is increased 

Allergy was studied as a factor in safety and also m respect to its 
influence in the pathogenesis of tubeiculosis The fiequency and degree 
of allergy were greater after vaccination by methods in which the In ing 
organisms were injected, but even by these methods allergy did not 
develop in all animals A relatively small amount of allergy was pro- 
duced in the animals given subcutaneous injections of heat-killed organ- 
isms No animals vaccinated intravenously with heat-killed organisms 
ever became allergic 

It was found that severe allergy following vaccination disappeared 
in about three months and less severe allerg}^ m less time, usually in 
about one month This disappearance of allergy was probably more 
rapid than m persons in whom allergy is so frequently due to arrested 
active lesions But it seems piobable that any allerg}% especially of the 
smaller degrees, which develops in the course of vaccination with 
BCG should not be looked on as a serious handicap 

Allei gy m association with vaccination and probably with the develop- 
ment of a tubercle appears much earlier than is generally thought It has 
been found to appear in from one to three ueeks In these experiments 
if allergy had not appeared in three weeks after the last injection of 
the vaccine it was found that it would not occur The fact that allergi' 
appears so eaily has to be considered m the consideration of the reaction 
of primary and secondary tuberculosis It would seem that tubercles 
which are not influenced by the allergic state are seldom seen 

The experiments showed that allergy definitely tended to disappear 
before resistance This should be remembered if a positive result in a 
test for allergy is looked on as an indicator of immunit}'^ It is also 
a fact to keep in mind in coming to a conclusion on the much disputed 
question of whether allergy is a necessary part of the immune 
(resistant) state 

The experiments seemed to show that there is no proportionate or 
necessary relation between allergy and the immune bodies agglutinins, 
complement-fixing antibodies, opsonins and lysins In this respect, 
allergy m tuberculosis seems to differ from the Arthus phenomenon A 
high antibody content could be developed in animals without allergy , on 
the other hand, a high degree of allergy could occur without measurable 
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antibodies Alleigic animals weie desensitized so that the}^ failed to give 
a positive Mantoux reaction, and in the piocess of desensitization the 
number of antibodies was greatly inci eased 

It was found that allergy nevei occuired in animals m which lesions 
could not be found This suppoited the dictum of Kiause “No 
tubeicles, no alleigy ” In vaccinating with B C G or with othei prepaia- 
tions in ordei to avoid the development of allergy, some method should 
be used which will not cause lesions 

The significance of allergy m the immune state has caused a great 
deal of debate These experiments suppoited the conclusions of those 
investigators who contend that allergy is not a necessary factoi in 
lesistance This was shown by three methods (1) by vaccinating 
animals so as not to pioduce any initial allergy, (2) by waiting foi the 
allergy to disappeai before inoculating an animal with a virulent strain 
of bacillus, and (3) by desensitizing allergic animals by intravenous 
injections of heat-killed BCG and then giving an injection of a virulent 
strain and obseivmg the resistance m the absence of allergy Alleigy 
has dangeious aspects, such as allergic shock and increased suscep- 
tibility to the development of lesions, but when it is taken into con- 
sideration that allergy tends to occur in a relatively small percentage 
of cases and in small degrees oi not at all by adequate methods of vac- 
cination, it is doubtful whether such an amount of allergy should be 
looked on as a veiy serious condition 

Only one of the four methods of vaccination in noimal animals 
1 esulted m producing small, nonprogressn e tubercles in the lungs, In ei 
and spleen This w'as the method in which living organisms w'eie 
injected intiavenously Living organisms injected subcutaneously, even 
into allergic animals, produced no lesions in the visceial organs Small 
lesions w’^ere produced by injecting heat-killed oiganisms intravenously 
into animals aheady allergic 

In general it can be said, as far as safety m the piocess of A'accination 
with B C G IS concerned, that all methods aie safe except the one in 
which the living organisms are injected intravenously Even by this 
method piogiessive tuberculosis does not occur, but too many non- 
progiessive tubeicles develop in the lungs, liver and spleen aftei the 
administiation of the vaccine to permit one to consider it a safe method 
The observations m the experiments did not justify the injection of 
living BCG vaccine inti avenously 

Evidence of resistance due to vaccination against the Miulent bonne 
stiain of the tubercle bacillus in rabbits and against the virulent human 
strain in guinea-pigs was shown in two ways (1) by a coi related 
increase in the titers of agglutinins, complement-fixing antibodies, 


27 Knusc, A K Tr Nit A Pre\ Tuberc 17 348, 1921 
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opsonms and lysins^ and (2) by actually pi eventing oi greatly retarding 
the development of tubeiculosis m labbits and in guinea-pigs aftei 
inoculations with viiulent strains of tubercle bacilli 

COXCLUSIOKS 

Vaccination of nonallergic animals by any of the foui methods 
described is not followed by mechanical mjuiies or by immediate or 
delayed toxic results With large doses of the ^acclne administered 
intravenously to alleigic animals toxic eftccts may ^ollo^^, but with 
model ate doses no delayed toxicity is noted 

Alleigy is gieatest m fiequency and degree in animals vaccinated 
subcutaneously v ith living BCG, next gi eatest m animals ^ accmated 
intravenously with In mg BCG and least in animals vaccinated sub- 
cutaneously with heat-killed BCG, but it does not occur at all in 
animals vaccinated intravenously with heat-killed BCG 

Allergy appeals at the latest in from two to three weeks It tends 
to disappeai in from one to three months, depending on the degree 
Alleigy never deielops m the absence of lesions The susceptibility 
to the development of lesions is inci eased by existing allergy Alleigy 
disappears more rapidly than coexisting resistance There appeal s to be 
no propoi tionate or necessaiy correlation between the piesence of 
allerg)^ and the existence oi concentration of antibodies m the seium 
Allergy bears no propoi tionate or necessai y relation to resistance Definite 
resistance may be obtained to infection with bovine or human strains 
by A accinating with BCG The degree of resistance tends to be cor- 
related Avith concentration of the antibodies m the blood 

Resistance coexistent AMth allergy moie than compensates foi the 
haimful effects of allergy 

The experiments suggest the possibility of safe and efficient Araccma- 
tion of persons AVith BCG against ordinal y degiees of infection AAith 
bovine or human stiains of tubeicle bacilli 



ACUTE ULCERATIVE ESOPHAGITIS 

A PATHOLOGIC AND CLINICAL STUDY OF EIGHT\-TWO CASES 
OBSERVED AT NECROPS\ 

ELMER C BARTELS, MD 

BOSTON 

Whetliei ceitain changes in the esophagus which aie found at post- 
nioitem examination take place before oi aftei death has been a subject 
of contioversy since Huntei,^ in 1786, leported his observations on self- 
digestion of the esophagus Pi ingle, Stewait and Teacher" reviewed 
the whole subject in 1921 None of the many articles which have been 
untten m the interim will be mentioned Moutier,® in 1921, lepoited 
3 cases of acute postopei ative esophagitis Subsequently Henke and 
Lubai sch * and Bell ° have contributed to the subject 

IiIATERIAL STUDIED 

The mateiial foi this study consisted of pathologic specimens and 
clinical data gatheied at the Mayo Clinic ovei a period of about seven 
yeais Among 6,000 fresh and preserved esophageal specimens which 
were obtained at necropsy, 82 instances of the condition which is 
designated heie as acute ulcerative esophagitis weie found, an incidence 
of 0 013 per cent Because of the direct information legaiding these 
patients, it was possible to attempt con elation between the clinical and 
the pathologic obseivations 

PATHOLOGIC STUDY 

In all of the cases, the esophagus was found to be dilated at 
necrops}’’, especially m the lowei thud, and to contain gastiic contents 
The flow between the stomach and the esophagus was unintenupted, 

From the Department of Pathologj', the Mayo Foundation, Rochester, Mmn 

Abridgment of thesis submitted to the Faculty of the Graduate School of the 
University of Minnesota in partial fulfilment of the requirements for the degree of 
Master of Science m Medicine, June 1932 
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cis the supposed cauhac sphincteiic action was not piesent Ulceiations 
weie not found in any case in which the esophagus was him with the 
1101 mal, folding lugae piesent In specimens iihich had been subjected 
to the sti etching, dilating force of the contained fluid, these folding 
lugae ueie obhteiated 

The i\all of the esophagus usually i\as pliable and thinned, and in 
some cases the coloi of the fluid which it contained could easily be made 
out The mediastinum was involved m onl} 3 cases In 2 of these 
cases peiforation had taken place into the pleura, and m the othci case 
puiuk-nt mediastimtis apparently had followed extensive ulceration of 
the esophagus and was a contributing cause of death The mediastimtis 
vas partially localised aiound the lower thud of the esophagus 

The changes which weie seen when the esophagus w'as opened 
usually weie limited to the entne circumfeience of the low'ei third oi 
half of the mscus In only 2 cases A\as almost the entire esophagus 
invoh ed 

The type of les«ons, fiom the gross standpoint "laried great!) and 
may be desciibed as follows (1) phlegmonous and pseudomembianous 
ulceiations, (2) niegular supeificial coalescing ulceiation with hemor- 
ihage 01 wnth bile staining, (3) Iineai or longitudinal ulceration with 
hemorrhage oi black eschar, (4) simple erosions, petechiae-hke lesions 
with congestion, and (5) perforating ulceiations, which \aried in si/e 
and shape 

The extent of the ulcerative change vaiied somewhat Occasional!) 
the ulceration was moderate, but in most cases it was diffuse and wide- 
spiead, leaving only a small amount of mucosa, in island-like forma- 
tion The lesidual mucosa appealed somewhat softened and could be 
rubbed off b) picssuie of the finger leaving the submucosa and 
musculai is 

The gloss appearance usually piedicated the t)pe of lesion that 
w'-ould be seen micioscopically, but this W'as not uniformly true, foi the 
autolysis incident to postraoitem changes altered the true pictuie and 
minimized the inflammatory natuie of the lesion Micioscopically 
the ulceiations could be giouped into four main types (1) pseudo- 
membranous ulceration, (2) simple ulceiation wuth slight or maiked 
inflammatoiy change, (3) hemoirhagic ulceiation, and (4) phlegmon 
ot the entile w^all, similai to that which accompanies peiforation 

Pseudomembranous ulceration w'^as chaiactenzed microscopically b)’’ 
more or less leplacement of the normal squamous mucosal layer wutli 
one which consisted of cellular and fibrinous debris, which might be 
stained with bile Beneath this layer there was found evidence of infil- 
tration of the remaining submucosa by leukocytes, mostly poly- 
morphonucleai s The degree of infiltration might be slight or so exten- 
sive that the entire submucosa and muscularis were involved The 
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blood vessels, if present, usually were not engorged, and theie was little, 
if any, hemorrhagie infiltiation of the tissues This type of ulceiation 
laiety bled 

Simple ulceiation was characteiized by denuding the tissue of the 
squamous layer of epithelium, without replacement (fig lA) The sub- 
mucosa was infiltiated with an inflammatory cellulai exudate At times, 
this Avas mild, but it might be severe and invoke all the layeis down 
to the muscularis Here and there, small masses of degeneiating 
erythiocytes might be seen In cases in which there was severe infiltia- 
tion, there were masses of necrosis in the submucosa The nuclei of the 
normal tissue stained poorly 

Hemorrhagic ulceration (fig IB and C) represented the type that 
accounted for most of the bleeding, especially of the profuse t^pe The 
layer of squamous epithelium was lost In the submucosa, the vessels 
were dilated and engoiged, and er}flhrocytes infiltrated the tissues 
Edema of the tissues usually was marked, and leukocytic infiltiation 
varied from slight to moderate, but was nevei extensive Occasionally, 
eosinophils were found to be numerous 

It was not difficult to understand the ease with which hemoiihage 
had been induced in these cases, when it was seen that the vessels were 
situated close under the squamous layer, especially if they were dilated, 
and that a slight inflammatory change would erode the walls of these 
vessels Ulcerations might be lesponsible for the supposed spontaneous 
lupture of esophageal vaiices in cases of hepatic cirrhosis 

In phlegmonous ulcerations, which aie diffuse types of ulceiation, 
the normal constituents of the tissue weie absent, and only leukocytic 
infiltration, in degenerating, necrotic, cellular debus, remained The 
entire Avail Avas thickly infiltrated by leukocytes for a consideiable 
distance fiom the peif oration, and there was gradual transition to the 
normal esophageal tissues 

The mucosa of the stomach Avas examined in a number of tbe cases 
in Avhicb theie Aveie seA^ere changes in the esophagus, but inflammatory 
changes Aveie not found 1 here AA'^as, hoAvever, slight digestion of the 
rugae, foi they had lost some of their natural contour This piOA'^es 
that theie is some type of digestion which folloAvs death, but this can 
be distinguished from antemoitem conditions by the presence of 
inflammatoiy leaction m the lattei 

CLINICAL STUDY 

Pi ingle and Teachei ® AAeie the first to lecognize tbe clinical impoi- 
tance of this condition Their cases AA^ere of postoperatn^e hematemesis 
of esophageal origin Tbe cases included in tbe present repoit aacic 

6 Pnnsrle J H, and Teacher J H Bnt T Surg 6 523, 1919 
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grouped and studied irom the follo^\lng standpoints (1) primar} 
cause of death, (2) age, (3) sex (4) whether or not vomiting 
occuired, and if so, whether or not blood ^^as present in the Aomitus 
(5) tiauina from passage of a stomach tube, (6) s}mptoms referable 
to the esophagus, and (7) miscellaneous S 3 mptoms 

Pnviaty Cause of Death — Fift 3 ’-'five deaths in this series followed 
operations The remaining 25 patients ho died m ere treated medicall 3 
The surgical cases vere grouped as to procedures In 13 cases, opera- 
tion \\as performed on the colon, in 12, on the genito-urinar 3 f tract, in 
8, on the stomach, in 13, on the gallbladder, bile ducts and pancreas, 
in 4, on the head, in 2, on the neck, including the thyroid gland, and 
in 10 on miscellaneous organs 

This grouping, because operations on the head are relatuety infre- 
quent m a surgical practice suggests that esophagitis is slightly more 
hkety to follo\\ such operations than it is to follow others The hteia- 
ture tends to bear this out How'ever, this is only suggestive The 
presence of esophagitis in association wnth lesions of the brain proves 
that the prevalent surgical complication of general peritonitis is not an 
essential factor m the etiolog 3 of esophagitis However, it might be 
said that all the operations were rather difficult and extensive, and 
occasionall 3 , the patients constituted poor surgical risks 

The length of time between operation and death did not seem to be 
of significance, for the esophagitis appeared from one to fifteen days 
after operation, and in twent 3 '- cases it appeared later than this Its 
severit 3 ^ also bore no relation to the number of da 3 's that had elapsed 
since the operation High fe\er was a common clinical manifestation 

In the cases in winch medical treatment w as emplo 3 ed, acute ulcei a- 
tion of the esophagus occurred as follows in 13 cases of sepsis or 
infection , in 6 cases of heart disease, and in 1 case each of tuberculosis 
diabetes uremia, fracture of the ribs wnth hemorrhage leukemia and 
carcinoma of the pancreas All these conditions were debilitating, and 
the patients died after prolonged illness, except a patient who had 
coronar 3 " disease and died tw'ent 3 -four hours aftei an infarction There 
weie no sudden deaths in this group 

That the condition should be present in 6 cases of chronic ulcerative 
colitis seems to be more than coincidental and might suggest the possi- 
bility of susceptibiht 3 to ulceration On the other hand, most of the 
patients w ere severely debilitated and 5 of them had had operations on 
the colon 

In a few cases inercui ochrome had been administered intravenously 
because of sepsis and in addition to ulceration of the esophagus, the 
lather t 3 pical ulcerations of the colon were present Ulceration of the 
esophagus howeier occurred m too small a number of cases in which 
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mei cm ochi ome ^\as injected intia\enously to ^^anant diawmg any 
conclusion 

Age — The age of the patients Aaried from 8 months to 78 years, 
and although it is difficult to judge its significance, because of numerous 
caiiables, it is not felt to be of any significance as an etiologic factor 
The patients uere distiibuted lather ecenly m the adult periods Three 
patients \\eie between S months and 9 }eais of age, 2 uere between 
10 and 19 yeais, 10 uere between 20 and 29 years, 12 were bet\\een 30 
and 39 jears, 13 uere between 40 and 49 )ears, 18 weie between 
50 and 59 yeais, 15 uere between 60 and 69 }eais, 8 were between 
70 and 79 )ears of age, respectively, and 1 patient was aged 82 years 

5'ci — Ihventy-foui of the patients weie females and 58 were males 
How'ever males outnumbeied females in the general legistration at the 
clinic, and consequent!} more males than females aacic subjected to 
opeiation The numbei of deaths from surgical piocedures Avhich 
iiiAohed the genito-uimary tract Acas also high and chiefly affected 
males I feel that the factoi of sex is of no significance 

J'oiiiiting — Gross Aomiting occurred in 59 cases, and in the remain- 
ing 23 cases, little, if aii}, Aomiting AAas observed The amount of 
vomitus Avas extiemcl} vaiiable In 18 cases, it AAas considerable, and 
m the remamdei it Avas only slight or moderate Vomiting had been 
piesent fiom one to fourteen days m most cases, and m only 4 had it 
persisted as long as six A\eeks, and then only at interA'als 

Blood AAas prominent m the vomitus m 15 of the 59 cases in AAdnch 
Ammitmg occiiired It Avas difficult or impossible to ascertain the amount 
of blood vomited, foi considerable gastric content, aaIiicIi could not 
easily be separated, AAas associated Avith the vomitus Amounts of 
gastric content aaIiicIi contained blood A'aried fiom 50 to 2,000 cc The 
Ammitus Avas usually desciibed as haAung had the ajjj^eaiance of coffee 
grounds, but m 1 case it AA'as bright red In none of the cases m Avhich 
blood Avas present AAas theie a lesion of the upper part of the gastio- 
mtestinal tract or lungs that could account foi it Therefore, the 
natural deduction is that it unquestionably came from the lesions in the 
esophagus, Avhich could Avell be responsible Foi this reason, vomiting 
of blood indicates ulceiations of the esophagus in the knoAvn absence 
of gastio-intestinal or pulmonary lesions 

The A>-oinitmg of blood, although definite, usually did not seem to 
cause much concern, probably because of the seiious condition of the 
patient at the tune, Avhen nothing could be done if the source had been 
ascertained, and also because the bleeding did not seem to be a serious 
complication, except m lare cases Vomiting of blood caused fault} 
conclusions once The patient had painless jaundice foi five Aveeks 
folloAvmg an attack of so-called ptomaine poisoning A'omitmg had 
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been piesent at mteivals for foui and a half weeks In the hospital, the 
drainage fioin the duodenum did not leveal bile oi blood, and a diag- 
nosis of carcinoma of the head of the pancreas was made The a omitus 
soon turned fiom dark to black (blood), and the possibiht} of the 
malignant lesion eioding into the stomach or duodenum AMth con- 
sequent bleeding Avas consideied At necropsy, it Avas found that this 
condition had not occurred The bleeding unquestionably had pioceeded 
from the diffuse ulcerations of the esophagus, Avhich micioscopically 
gaA^e eAudence of extensn^e mflammator}'^ changes at the base of the 
acute, discrete, superficial, bile-stained ulcerations This case suggests 
the clinical significance of the lesion 

In another case, esophageal bleeding follovAung ulceiations into 
esophageal A’^arices Avas the contributoiy cause of death The patient 
AA'as a Avoman, aged 68 }eais, A\dio entered the clinic AVith a histoiy of 
having had slight icterus for four months folloAvmg an attack of 
influenza and colic of the gallbladdei Cholec 3 ^stectomy and chole- 
dochostomy Aveie pei formed for emp)^ema of the gallbladder and stones 
in the gallbladder and ducts Avith impaction The patient made an 
uneventful lecovery until the fourth day, Avhen she passed six tairy 
stools and became dyspneic The pulse became rapid, and she failed 
lapidly At neciopsy, the stomach and intestines Aveie found to be 
filled Avith blood No source of the bleeding could be found othei than 
acute ulceratiA^e esophagitis, AAdnch had caused erosion of esophageal 
A’^auces Microscopic study pioved the premise, foi typical ulceiations 
Avere found, Avith erosions into the dilated vessels of the submucosa 
This case also suggests the range of clinical importance of this 
pathologic lesion 

At neciopsy, blood Avas found in the stomach in 7 cases This Aaried 
in quantity from 200 cc to so much that the stomach Avas desciibed as 
full of blood Here again, Avith the exception of a case m aaIiicIi an 
apparently clean gastro-enterostomy had been performed foi a duodenal 
ulcer* Avbich did not bleed no source foi the blood except the esophagus 
could be found The blood A\^as described as haAung had the appeal ance 
of coffee grounds, oi as haAung occuired m clots, therefoie theie Avas 
no doubt as to its piesence 

Tiauina — Tiauma from intubation has been thought to be a factor 
m the production of these lesions, but close iiwestigation of tbe case 
histones revealed that this could haA'^e occurred in onty 30 cases, or 
about a tlrrd of tbe fatal cases In the cases in AAdnch a tube bad been 
passed into tbe esophagus, the lesions appaiently AAcre not difteient 
fiom those in aaIucIi this had not been done At first the hneai ulceia- 
tions seemed to be tbe lesult of the intubation, but this again A\as not 
proAed m tins stud} This Avai rants the conclusion that passage o^ a 
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tube IS not an etiologic factoi and may onl} mcidentalh be an 
aggla^atIng one One patient suffcied consideiable pain uhen the tube 
was passed 

Miscellaneous Syinpfouts — Miscellaneous s}inptoins lefeiable to the 
esophagus weie piesent in 11 cases, and weie giouped as iollous 
dysphagia, which occuiied in 7 cases, and high epigastric pain or burn- 
ing, which occuiied in 4 cases Theie weie 5 cases in which theie was 
seveie to inti actable hiccup, uithout peritonitis, pneumonia or other 
cause of phrenic nutation Because of the fact that hiccup is occa- 
sionalh an eaily, oi e^en the fiist, symptom of caicmoma of the 
esophagus oi of caidiospasm, it is piobable that hiccup represents a 
symptom of ulceiation of the esophagus Theiefore, I wish to include 
It and bung the numbei of cases uith miscellaneous s}mptoms up to 16 

D\sphagia, although usually seveie, can be qualified by the follow- 
ing instances 1 One patient lefused food because of the se\ere pain 
associated w'lth swallowing 2 “Binning all the way down the 
esophagus” was so severe in another patients case that a laiyngologist 
was called, and esophagoscopy w^as suggested 3 A presumptne diag- 
nosis of caicmoma of the esophagus was made once because of marked 
dysphagia, w^hich was piesent at the time of the patient’s admission to 
the hospital, and because of vomiting that had occurred preMOUsly 
The patient died of uiemia, which was caused by polycystic kidneys 
4 Lower substeinal pain w'as so severe in 1 case that the question of 
disease of the gallbladdei w'as consideied 5 Passage of a tube caused 
pain in 1 case m which dysphagia alieady w^as a symptom 6 In 2 
cases, buining, wdnch Avas situated high m the epigastrium, was present 
without any apparent leason Dysphagia or burning m the esophagus 
was piesent m only 11 of the 82 cases, this seems a very' small piopoi- 
tion, on the othei hand, Avhen it is leahzed that these symptoms weie 
complained of without the patients being questioned, it can be assumed 
that it was present m many more than 11 cases Theie can be no doubt 
that ulceiation, because of the symptoms mentioned, occurs without 
causing death and consequently does not lepiesent meiely'’ a teiminal 
affair, for this leason, the condition is of clinical significance 

It has been suggested that anesthesia has something to do witli 
esophagitis Moutier reported a case in Avhich the patient had SAvallow’^ed 
the anesthetic Howevei , esophagitis occuired m cases in which opeiation 
was not performed, and in the surgical cases the types of anesthesia 
weie extiemely’’ vaiiable, a laige number of patients received local and 
spinal anesthesia This suggests that anesthesia is not a predominant 
etiologic factoi In cases m wdnch general anesthesia Avas used, the 
extent and type of ulceration AA'^eie in no Avay diffeient from those in 
other cases 
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Pei f oration occuired in 2 cases, and in these theie were no symp- 
toms to indicate that the accident had occuried, and dysphagia was not 
present Unquestionabl}’’, the perforation took place just before death, 
for there was no inflammatory reaction in the pleural cavity or medias- 
tinal tissues That the perforation was aided by the ulceration is proved 
by the fact that microscopic study of the edge of the perforation 
levealed inflammatory changes, which extended thiough the entire 
esophageal wall 

Mediastinitis, which was present in 1 case, pioduced dyspnea and 
pain in the upper part of the abdomen The mediastinitis seemed to be 
secondary to the ulceration, for the entire wall of the esophagus was 
uniformly infiltrated beneath the ulceration, and the same process 
seemed to extend into the mediastinum Because the patient had 
empyema, it might be inferred that this was the primary source of the 
mediastinitis, but there was no ewdence of a communication between 
the pleuia and the mediastinum Also, the condition was leally peri- 
esophageal, and involved only the lower third of the mediastinum, 
which vas m the region in which the esophageal changes occurred 

COMMENT 

As a lesult of the pathologic study, there seems to be no doubt that 
the term “acute ulcerative esophagitis” describes the condition which 
was found in these cases better than does the term “esophagomalacia,” 
or “intravital softening ” In all the cases there were, without a doubt, 
mflammatoiy changes It seems imperative that the action of the 
gastric juice be accepted as contributing to the lesion, because gastric 
juice was present uniformly in the lower third of the esophagus 
Vomiting and even nausea without r^omiting, with lelaxation of the 
cardiac spasm, seem extremely impoitant as factors that permit gastric 
juice to come in contact with the esophagus 

It seems necessary that the patient should be debilitated, but not 
necessarily dying, before changes can occur in the esophagus Debili- 
tating and terminal states imply slowing of the circulation of the lower 
part of the esophagus, which normally is pooi, and, therefore, loss of 
the noimal lesistance of esophageal tissue to trauma, and of its ability 
to regeneiate Tluombosis of small vessels has been suggested as a 
factoi, but that it occurs has not been proved by microscopic study 
Noimallv, as is known from experimental studies, the esophagus has 
good ability to repan any area that is traumatized, and the only con- 
clusion rvhich can be drawn is that in the cases nhich comprise this 
stud) the bod) vas unable to carry on its work efficiently 

Fiom a clinical standpoint, esophagitis should be recognized as a 
condition that is able to cause symptoms and to pioduce signs, as has 
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been bi ought out by close invcstigdtion of patients uhile the} ucie undei 
obseivation in the hospital Theie is icason to believe that this condition 
IS on the inciease, for seveial years ago Veibitigghen did not find a 
significant numbei of cases Of late, it is being found more often 
than it was found foimeil}, and theie is no possibiht} that this 
fiequenc}'' should have come about nicicly because it ^^as not looked for 
as dihgentl} in foiinei }eais as it is at piesent I have no explanation 
to olfei foi the inci easing pi e\alence 

SUMMARY 

The teim “acute ulcerative esophagitis is more ajijnopriatc and 
is suggested instead of the term “esophagomalacia, ' oi “mtravital 
softening,” which was used picviously 

The condition pioduces ulceiative changes in the loner part of the 
esophagus, these changes, both gross and micioscopic, are described 
Acute ulceiative esophagitis is of clinical significance because of 
its symptoms and signs It also seems to be more prevalent than it 
was foimerly 

Peptic ulcei (so-called) of the esophagus was not encountered Scars 
which nould suggest its picvioiis existence neie not seen 
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The etiolog} of lymphomatosis, the most common neoplasm of the 
domestic lowl has been investigated b\ many workers familiar with 
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both filtiable vnuses and neoplasms, but without success When ILller- 
mann and Bang ^ obsened that ci 3 'thiolcukosis and ni} elol)lastic leu- 
kemia are caused b}^ a filtiable vnus thc)^ discovered a new filtrable 
virus as well as new' t}pes of leukosis m the domestic fowl The} 
believed that lymphoid leukosis was also caused by their Mrus, but 
Andeison and Bang - failed to tiansmit lymphoid leukosis, and the few 
instances of this disease occurring among the passages of the Mrus of 
Ellermann W'eie piobably spontaneous^ 

Recent experiments indicate that lymphoid leukosis may be caused 
b} several Miuses ‘ The fiist Mrus (that of strain 2) wdiich was show'n 
to pioduce a hmphomatous neoplasm produced also endothelioma and 
111 } eloc) tomatosis L} mphomatosis piodiiced b} this mi us is associated 
w'lth infiltration of neries but with no clinical manifestations of par- 
alysis In subsequent experiments we haAC transmitted hmphoina- 
tosis associated with extensive infiltration of nerves and with clinical 
manifestations of fowl paiahsis, but this disease has seldom been asso- 
ciated Avith leukemia, and neier with endothelioma or ni} eloc} tomatosis 
(stiains 5 and 6 "') Successful tiansmission of this \aiiety of lympho- 
matosis has aheady been repoited by Pappenheimcr Dunn and Cone,® 
wdio have named it “neuiolymphomatosis ’ EMdence will be presented 
heie that these two types of 1} mphomatosis (stiains 2 and 5) differ 
both etiologically and anatomicalh 

I LYMPHOM\TOSIS PRODUCED BY STRAIN 2 
BLOOD CIIANGCS 

Most lymphocytes that ciiculate in the blood of normal chickens are 
small and lepresent appi oximately 61 pei cent of all leukocytes Their 
cytoplasm is pale, and m some cells m pieparations stained wuth a com- 
bination of Wright and Giemsa solutions, it contains minute azurophil 
granules An occasional small lymphocyte w ith basophil cytoplasm may 

1 (a) Ellermann, V , and Bang, O Centralbl f Bakt 46 1, 1908 (.h) 

Ellermann, V The Leucosis of Fowls and Leucenna Problems, London, 
Gyldendal, 1921 

2 Anderson, C W , and Bang, O Festsknft til Bernhard Bang, Copen- 
hagen, 1928, p 355 

3 (ff) Furth, J Proc Soc Exper Biol & Med 27 155, 1929, J Exper 

Med 53 269, 1931 (5) Stubbs, E L, and Furth, J ibid 53 269, 1931 (c) 

Engelbreth-Holm, J Ztschr f Immunitatsforsch u exper Therap 75 425, 1932 
(rf) Engelbreth-Holm, J , and Rothe Me 3 'er, A Acta path et microbiol Scan- 
dinav 9 293, 1932 

4 (a) Furth, J J Exper Med 58 253, 1933, (5) Proc Soc Exper Biol 
& Med 31 921, 1934 

5 Pappenheimer, A kl , Dunn, L C , and Cone, Y J Exper Med 49 63, 

1929 
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Fig 1 — Blood cells in lymphatic leukemia produced by strain 2 The lympho- 
cytes shown in B liaAC minute azure granules Transitional forms between large 
and small Ijmphocjtes are seen in C D shows a lymphocjte, an erythroblast and 
a thromboc^tc All blood smears ^\ere stained with Wright and Giemsa solutions 
1 he magnifications are approximateh A, X 400 , B-P, X 1000 
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lABLn 1 — Blood Counts and Diffei tiitial Counts on Clnckens ivith Lymphomatoses of Steam 2 


O O 1 ' ^ 

> kir 


e « 


ooo vroo 

S >, G 5 g Pi ’ 


>-3 0 0 
CO ''I 


G i 

C 

o 




S^S 5 S 

So'-o 

S « ^ 


ir-oo ooo 
"g coc ^ i ' n ' o - r-f 

§ O S «- C-l 

• S 5 


bfl iH-ti o © 

tZ CJ ^ 

2 c . cj r -- 

3 “ 


■“ O O »*3 O O 
•t-iC'l ot-oj 


oooo 

COCOOtr * 


oooo 
o r ' CO - S ’ 


1*^0 0 
c- - o 


ooo 

O-’ ^ 


o 

p-( 


« 


o o 

r-1 

c - I "-. 


CoS <M o IT 

S Cl r-i 

02 V 


■S S - TOC -' 1 ^ r -. C 

C ot- 


ooo 


'S 

o 

'O 

CP 

S-! 

S 

CJ 

s 


o 

b< 


^ c ; o o 
^ P-i 

t-> 


— 1 § o' 

p.'^ og = 

(J=H - 


a : o s £ >' o 


’ S = 3 § o-r 

og 5 


jS = G 
S -££, '-' 


SSG. CO 


- 5 == 

^ g.5 

1 “ cr C 
^ ''• — O 

— oi~ 

c i = 


o 1 “ oo 
f-H o Cl o 


ooo 

O «-i I'i 


oooo 

O I - H — rH 
»-tCICi 


o o U 2 O o 


OO 

r -1 C ^ 


J -' o 
1-0 


oo 

O CO 


ooo I-' ooo 

l-t < Z ) r - © C 5 O 


o o ooo 

-r t -' i-T Cl 


G C 
fts2 

0-3 V; OOO OOO 
2 

5 > ^ 


OOO 

gps 


OOOO Ooo ooo 

I- !-> r^n- -* — -f © Cl 

^ o -T O O s>D 


ooo oooo ooo 


~2. voo oS5 

*5 

t- O 


°i^“ 


ooo oooo 


> =r'' 


O-fO 




>. 

C 


ooo 


>* 

o C E 


g s ° 


— Cl 


^ c ; cr - j - o ^ 

^ g- Cl -‘I Cl '*1 ri ^ 

^ 5 c * oc;*S S o 
s ; g ;2 !-*-*“' ^ sz 

^ y w ^ ^ P',11 G 


C 5 I ^ O-T i- j 


£5^ =§5" 

t' <!j;J20 


3^0 
^ J20 


_ o "3 ^ 

-1 Cl o o 
^ 4^ !«• 




v_ 

Si 


O W 

GO 

il 


ooo 


f-i o ^ 

O^CJ 
Cl • 


c. ~ 

P 3 


s: 0 


G G cr ; 


G S*M 


as 

l-H p, 


w p o 
G ^ 

M O __ 


'-ISO 

-p o**-* 

o p 
G cft w 
T3 o 

2^6 

s 

B Ss 
3 S 

=0 

«°£ 

•S“& 

£gg 

&o'c. 
a o c 

"ZB 

*Q * ^ 

CJ £ "pt 

amp 

SaS 

"is 

Gci « 

c/i § tA 
'2-^2: 
u-j: o 

0‘S o 
^-S = 

?!!:'■ CP 


-S “ 

«^,5 

o 

o o 
G. 

G O 


S P 


•U w 

O ^ 
G G 


w 
a cs 

G 

S g 

cn O 
c; 


Ot3 

G 


CP 


a c 

f- 

? 

tc 

c 

cnT* 


B 


c 

0- G 
»-• 

O 

g:^ 

8” 
w 
U} G 

1- 

5 G 

C C 
o“ 

CP 55 

2 'S 


T3 C 
,2 O 

t-i t- 

O 2 


G 
o 

^ G*ti 

os| 

rt G 
- r- P 
'G — •*5 cr*M s 

? o 3 ® 

Eo -.>9 

G CP'p *^0 Q 
tC-M CP e;+j cs 
•r G w CP cs^ 

CP**-*^"*^ 

N»* S ^ s *-* 
«oSGg 

ScJJ ci O B 

o c 

to C ^ ^ ^ 


O ^ 
Cl ^ CP 


S o-*-* 
S w ^ 

-§5 3 
P ^,:= 


^ 4-> to 

■3 G 

^ CP .- 

•3 2 
]I 9 3 

9 S o _ ^ _ 

G o 

CPtM £ G K tr,. 

O — *G ■*■* G " 
^ G G 'C' 

*G CP w CP G ^ ^ 

« »g: g c ::; 2 

G G C- G G 

G CP y 

— I-- rn o ^ - 
O £ O G 3 ^ 

C c . cpr 


• C 


I'll 

Cl 

Cl CP 


j o CP 
: " "J £ o 


tr 


^ c 


S O o Sb 

St.|g°c, 
•G cp^_P- 

03 G ^ 39 
c :: G 

O Cl'T 



-TTV - „ ^ ^ \ * 

il ^ ^ /'"V ^ ^ ^ 

^ "*% ^ <<£1^ ^ 



!€, 2’,^^ ■- 

c .-J v 

. *'Tifi'<=- i 


• ^ ?.: ’>'£^. '*3 

, 'i,(k ^ ir\rT ‘C- , '’>■ ^>' -, ®., 

4 ^ 




i>l oVV* 

'' ' V .*'/« a> ' '' '‘\ 

’ -<> 5ti ^ . ao 

^ / 



^ 

'•) - 

A 




,, (stram^). 

c»,- , .f . -’, J &,' ^<Jt<^' ‘lo"'* ^ ^ . breast rriusci 

^ <J^ ^'**' ^ SIS oi tbe 

»nd B, '^”£S:» ^-rSuS n 
5*1 D “w. “t So c. ' 

^ , famed ev»" *'7*1 ISO, B, X “» ' 

v;ere stau , A, A 


Y^':v 


^re 



' y .A, 










a ' 


m 


■ ^ w ^ 


■yt 


Fig 3 — 4 and B, the liver, spleen, king and heart of a chicken ^Mth hmpho- 
inatosis produced hj strain 2 The li\er shows, in A, minute graj spots, and 
m B, graj tumor nodules composed of large lMnphoc\tes Infiltration of the lung 
and enlargement of the spleen are shown in 4 C shows tumor-like thickening of 
the mocuhted right sciatic ner\e associated with extensne infiltration of all lobes 
of the right kidnej (strain 2) 
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diameter (fig 3 ^ and B) In a few chickens the extra^ ascular infiltra- 
tion A\as slight and the liver appeared normal on gross examination 
The presence of large numbers of basophil 1} mphocytes m the blood a es- 
sels distinguishes this disease from spontaneous lymphomatosis associated 
with great enlargement of the Iwer (“big Iner” disease, hepato- 
1} mphomatosis [fig SA and B]) In most instances of hepatol} mpho- 
matosis the bone marrow and spleen appear grossh normal The few 
instances of this t}pe of 1} mphomatosis occurring among the passages 
of strain 2 ina}’- have been spontaneous Yet in at least one instance 
of h mphomatosis the autopsy obser\ations were indistinguishable from 
those of spontaneous hepatoh mphomatosis, although basophil hmpho- 
C3tes w'ere seen in the blood ante mortem 

The hmphomatous infiltrations in the kidney heart and lung w^ere 
similar to those of the luer, either affecting the organ diffuselj or pro- 
ducing tumor nodules up to about 1 cm in diameter In the spleen 
the infiltration w^as localized m the follicles as well as in the pulp 
Since the pulp also contained numerous er3i:hroc\’tes it looked gia3ush 
red, A\hile the follicles AAere gra3 , hence the gra3" mottling on gross 
examination This organ varied in size from approximately normal to 
about ten tunes normal The bone marrow w^as gra3’^-red, “pyoid ’ 

Considerable difficult3^ was often met with in distinguishing the 
large basophil lymphoc3’’tes of strain 2 from endothelial cells and baso- 
phil er3-throblasts (figs 4 C and 6 A and C) The large clear cells 
shown 111 these figures resemble closel3 those produced b3’- the endo- 
thelioma virus of Begg and jMurra3,® but that iirus does not produce 
I3 mphomatosis 

The frequent association of endothelial neoplasms with I3 mpho- 
matosis IS characteristic of strain 2, for it is not present m neuro- 
l3anphomatosis ' and in other varieties of l3miphomatosis of chickens ® 
The histologic characteristics of endothelioma produced 113 this strain 
haAC been described” Giowth of cells, probabl3’^ endothelial, occuriing 
in association aa ith I3 mphomatosis is shoAvn in figures 4 C and D and 
6 A and C The Aims of strain 2 also stimulates the groAvth of lUAelo- 
CAtes'” and it has been suggested that the large basophil l3anphoc3tes 
of strain 2 function as hemocvtoblasts in the sense of IMaximoAA ” 

6 Begg, A. At , and AIurraA , J A Scient Rep Iin est Imp Cancer Research 
Fund 91 1930 

7 Pappenheimer, A :\r , Dunn L C and Seidlin S M T Exper Med 
49 87 1929 

8 (a) Tjzzer E E and OrdwaA T J M Research 21 459, 1909 (b) 

Mathews F P and Walkej, F L J Cancer Research 13 383,1929 

9 Furth, J J Exper Med 59 501, 1934 

10 Furth ■’ 
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Fig 5 — A, spontaneous hepatolymphomatosis (“big liver”) , X 60 B, spon- 
taneous hepatolymphomatosis with higher magnification, karvorrhexis of malig- 
nant lvmphoc>tes , X 450 C, Ivmphomatous infiltration in the liver of a chicken 
with spontaneous neurolymphomatosis, X 300 The sections were stained with 
eosin and azure H solutions The magnifications given are appro vimate 




Fig 6 — ,4, proliferation of cells, probably endothelial, in the breast muscle 
inoculated ith strain 2 , X •100 B, sarcoma-like grow th in the inoculated breast 
muscle, X -150 C, growth in the kidney similar to that shown in A, X 700 
D, hjperplasia of the bone marrow , X 350 A, B, C and D are from chickens 
inoculated with hmphomatosis strain 2 The sections were stained with eosm and 
azure II solutions The magnifications gnen are approximate 
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Fig 7 — A, formation of myelocj'tes m the portal area of the liver, X 
B, diffuse lymphomatous infiltration of one bundle of fibers of the sciatic nerve, 
adjacent nerve bundles are almost free from infiltration, X 20 C, ^ 

the \agus and surrounding' tissue following intrathvmic inoculation, X a K 
infiltration of the brachial plexus following mtra\ enous inoculation , X SO j ’ 
C and D are from chickens iMth lymphomatosis of strain 2 The sections were 
stained with eosm and azure II solutions The magnifications gi\en are approxi 
nnte 
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Prolifeiation of myelocytes in association with hemocytoblasts is shown 
in figure 7/1 The piedommatmg type of large lound cells that 
infiltrated the marrow (fig 6 D) could not be distinguished micio- 
scopically from basophil er3dhrohlasts However, er) throblasts seldom 
pioduce extravascular infiltiation, and they do not infiltrate ganglions 
and nerves, even after mtraneuial mtioduction (see p 38 ) Fuither- 
more, m blood smears basophil l3mphoc3des can be readily distinguished 
from erythroblasts (fig 1 H) L3'mphomatous infiltration of nerves, 
a frequent finding among chickens given injections of stiain 2 , is illus- 
trated m fig 7 B, C and D Post mortem large l3miphoc3des rapidl3^ 
undergo p3ds.nosis and kar3^orihexis , repeated obsenations suggest that 
these changes m the lymphocytes precede similar changes in othei cells 
of the organs which the3' infiltrate (e g Iner cells, eiythioc3des 
[fig 5 ^]) 

INTRAMUSCULAR TRANSMISSION WITH CELL CONTAINING MATERIAL 

The endothelioma of Begg and Murray,® all sai comas of Rous 
and the similar neoplasms studied m England under the Imperial Cancel 
Research Fund^- readily pioduce tumors m the hi east muscle On the 
contiary, Ellermann and Baiig,^® Jarmai,^® Engelbreth-Holm and Rothe 
Meyer and other workers, including ourselves, found no tumor 
formation at the site of inoculation when material from the common 
t3''pe of transmissible leukosis (like our stiain 1 ) w'as injected into the 
muscle and subcutaneous tissue 

Oberhng and Guerin suggested that our fadure to discover the ability of the 
virus of Ellermann to produce tumors was due to the fact that we used the mtra- 
^enous route for inoculation We have made numerous unsuccessful attempts to 
produce tumors with leukotic tissues of strain 1 by inoculations other than intra- 
\enousi'’ In some of these experiments leukotic cells of strain 1 were embedded 
m plasma clot preceding the inoculation m order to facilitate tumor formaiion at 
the site of inoculation Since the percentage of successful inoculations uas smaller 
after subcutaneous and intramuscular injections than after intravenous injections, 
we decided to transfer strain 1 by the intravenous route only The observations 
of Oberhng and Guerin induced us to test again whether leukosis of strain 1 pro- 
duced tumors m the inoculated thymus and breast muscle, and we found that it 


11 Rous, P JAM A 56 198, 1911 Rous, P , Alurph} James, and Tytler, 
W H ibid 59 1793, 1912 Rous, P , and Lange, LB J Exper Aled 18 651, 
1913 

12 Foulds, L Scient Rep Invest Imp Cancer Research Fund 11 1, 1934 

13 Jarmai, K Arch f Wissensch u prakt Tierh 62 113, 1930, 65 46, 

1932 

14 Oberhng, C and Guerin, yi Bull A.ssoc fraiiQ etude du cancer 20 180 
and 326 1933 

15 Furth'’' Stubbs, E L, and Furtli, J Unpublished work 
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did not The characteristics of this strain arc the same now as they were four 
years ago, s'! and it still produces erythroleukosis and myeloblastic leukemia but 
does not produce endothelioma or Rous sarcoma 

Leukosis stiain 2, m contrast with the common vaiieties of leukosis 
stiains, produces extensive extraA^asculai infiltration or tumois com- 
posed of myelocytes or cells like large lymphocytes, it also pioduces 
endothelioma It may therefoie be supposed that inoculation with cells 
of strain 2 would produce lymphomatosis, myelomatosis or endothelial 
growth in the bieast muscle, depending mainly on the type of cell 
mti oduced 

Seizes 1 — The fiist series of intiamuscular inoculations, rcMewed 
111 a foimei repoit,^'^ were unsuccessful In these expeiiments, made 
betiveen Apiil and July 1932, twenty-nme chickens ivere inoculated 
intramuscularly, and no tumors developed at the sites of injection One 
chicken died of general lymphomatosis, ten died of intercurrent disease 
within one oi two months aftei inoculation, and eighteen lemained 
health} 

Scues 2 — Seven months latex furthei attempts were made to pro- 
duce tumois in the thymus, w'heie spontaneous leukotic tumois of all 
kinds aie often seen, and m the bieast muscle, in which Rous sarcoma 
and endothelioma grow' leadil} 

In ten experiments, that} chickens were gnen injections of blood 
cells 01 tumor tissue composed of large lymphocytes, m}elocytes or 
neoplastic endothelium Most of the injections w'eie made into the 
breast muscle, subcutaneous tissue or thymus, and a few into the region 
of the kidne) Leukosis de^ eloped in tw'entj-foiir (80 pei cent) of 
the inoculated birds, and in tw'elve of them grossl} visible infiltiations 
01 tumois were found in the muscle oi thjmus at the site of inoculation 
In tw'o chickens theie was in addition, a saicoma-like giowdh (fig 6 B) 
which, although it had the character of a malignant giowhh, remained 
small baiely detectable wnth the naked eye, and limited to the site of 
injection The last-mentioned chaiactenstics distinguish it fiom Rous 
saicoma, wdnch, even if mixed wnth the agent of leukosis, giow'S pro- 
fuseh in the bieast muscle leceiving the injection and often metastasizes 
to distant oigans In seven of these experiments the material used 
for intiamuscular injection w'as also injected intiavenousl}', and 
leukosis developed in tw'elve (63 pei cent) of nineteen chickens thus 
inoculated 

The first of these experiments, made witli cells of a tumor composed mamlv 
of myelocytes, had the following result Three of the four birds given intramus- 
cular injections acquired systemic leukosis, chiefly lymphomatosis, and in one of 
these there was extensive infiltration of the inoculated breast muscle by cells like 
large hmphocytes (fig 2 A and R) In another experiment two of the three 
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chickens given injections of a cell suspension of myelocytoma associated with endo- 
thelioma presented infiltration of the inoculated thymus (fig 2 C and D) and breast 
muscle by large lymphocytes The vast number of mitoses (as many as 15 in a 
field magnified 400 times) gave evidence of the unrestricted growth of the large 
lymphocytes of strain 2 Since the blood-forming organs of one of these two 
birds showed only slight alterations, and mitosis among the lymphocytes was 
abundant at the site of injection, it is probable that these cells grew unrestrictedly 
m the inoculated thymus and breast muscle It is notevvorthv that the tumor 
tissue injected, composed mainly of myelocytes and endothelial tumor cells, con- 
tained few large lymphocytes 

The largest tumor that developed m a thymus lobe receiving an injection 
measured 3 by 2 S by 2 cm fifty-two days after inoculation, when the bird was 
killed for study Thymus lobes not receiving injections and the liver, spleen and 
bone marrow were normal These observations further support the view that the 
tumor at the site of inoculation originated in the implanted neoplastic cells 

In another experiment minced tissue of an ovarian tumor (endothelioma with 
giant cells) mixed with minced tissue of a hepatic tumor (lymphoma) of the same 
bird was injected into both the right breast and a lobe of the thymus in six 
chickens Two of these were killed four days and another two were killed ten 
days after inoculation for the purpose of studying the early lesions Four and ten 
days after inoculation the alterations were localized to the sites of injection and 
consisted of apparently neoplastic growth of large lymphocytes , these cells evidently 
originated from those introduced In two chickens examined thirty-one and thirty- 
eight davs after inoculation small sarcoma-like growths (fig 6B) were found at 
the sites of injection These growths remained localized, and the distant lesions 
were those of leukosis, mainly lymphomatosis The significance of these sarcoma- 
like lesions remains obscure They were never seen again among the large number 
of birds successfully inoculated in a similar manner 

These experiments have shown that lymphomatosis may be produced 
in the breast muscle with leukosis strain 2 

Senes 3 — After these partially successful attempts we succeeded 
m producing readil)’- transmissible lymphomatous tumors m the bieast 
muscle (fig 8) Lymphomatous tumors composed of large lympho- 
cytes de\ eloped in almost every inoculated bird This was followed 
by invasion of the blood (lymphatic leukemia) and metastatic infilti ation 
in numerous organs, mainly the bone marrow, liver, spleen, ovari 
peripheral nerves and ganglions 

Chicken 3870 (strain 2) had numerous lymphomatous tumors in the liver and 
kidney A suspension of particles of these tumors was injected into the thymus 
and breast muscle in three chickens, two of which acquired lymphomatous tumors 
at the sites of injection and died with blood changes of leukemia associated with 
lymphomas of numerous organs The results of the subpassages are shown in 
figure 8 The microscopic changes m chicken 4339 were suggestive of neuro- 
1\ mphomatosis (see p 23) 

Swii'iimy— -Strain 2 tiansmitted intramuscularly with material con- 
taining l 3 mphocytes produces lymphomatous infilti ation or tumors m 
the muscles receumg injections The following observations indicate 



394 


ARCHIVES OE PArUOLOGY 


that these neoplasms aie the lesult of uiiiestiicted multiplication of the 
large lymphocytes that weie introduced Mitosis is abundant among 
the large lymphocytes, piolifeiative changes in noimal cells aie absent 
at the site of injection, the lymphocytes at the site of infiltiation ha^e 
the same cytologic chaiacteristics as those intioduced, the blood-foiming 
oigans of chickens with lymphomatous tumors m the inoculated breast 
muscle show no alteiations at the eail} stage of the disease 
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Fig 8 — Tiansmission experiments with Ijmiphomatosis strain 2 Each number 
IS that of a chicken A vertical solid line indicates intramuscular injection, a 
broken vertical line, intramuscular and intravenous injections, and a dotted line, 
intravenous injection sL signifies subleukemic lymphomatosis, T, tumor in the 
inoculated breast muscle, IL leukemic hnnphoinatosis , aL aleukemic hmphomato- 
sis sMc, subleukemic im'elocvtomatosis , — , inoculation unsuccesslul 

ATTEMPTS AT INTRAMUSCULAR TRANSMISSION IMTH CELL 

I REE VIRUS 

The experiments desciibed in the pieceding section show that the 
large l}mphoc 3 des of stiain 2 behave like malignant cells, undergo 
uinestiicted multiplication at the site of introduction invade the blood 


rURTH—LYMPHOI\[ATOSIS AND FOWL PARALYSIS 395 


stieam, and pioduce metastases They diftei fiom neoplastic cells in 
mammals in that they elaborate a filtrable agent that transforms normal 
lymphoc)'tes into malignant ones The following expeiiments show that 
the cell-free Aims of stiaiii 2, in contiast to the viius of Rous sai comas 
and that of the endothelioma of Begg and Muiray, does not pioduce 
neoplasms in muscles receiving injections The chickens given intra- 
muscular injections of cell-free material either remained healthy oi 
acquired the systemic disease with no infiltration at the site of injection 

Cell-free material of Ivmphomatous chickens was tested and in no instance 
produced a tumor at the site of injection In most experiments dried blood or 
tumor tissue was used for the injection, in two experiments dried plasma and in 
one frozen and thawed blood were used In seven of the eight instances of leukosis 
produced by the cell-free virus large lymphocytes were numerous in the blood 
One chicken had leukemic myelocytomatosis 


Table 2 — Data on Injections of Cell-Fice Vnus of St) am 2 


Miteruil Injected 

Route of 
Injection’" 

Chickens 

Inoculated 

Cliiclvens with 
Leukosis 

Cell free 

Intrav and Intnm 

20 

4 

Cell free 

Intrav 

4 

1 

Cell free, repented inicction«vilhiiiaterml 
from several chicLens 

Intrav and intram 

0 

3 

Cell containing 

Intrav 

13 

0 

Cell containing 

Intrav and intram 

4 

4 


* “Intra^ ” and “mtram ” are abbreriations for intravenous and intramuscular 


Sumniai y — ^The varus of strain 2 must reach blood-forming tissues 
m order to produce leukosis It does not produce tumors in the muscle 
tissue receiving the injection 

INTRANEURAL TRANSMISSION 

Strain 2 has an affinity for nerv^e tissues and, as the following 
experiments show, is readily transmitted by mtraneural inoculations 

Experiment 1 — Intraneural injection of lymphomatous tumor tissue gave neuro- 
lymphomatosis 111 four chickens that died or were killed and examined at twenty- 
five, thirty, thirty-two and thirty-seven days, respectivelv, after inoculation 
(average, killed or died at thirty days) 

Expel imcnt 2 Intraneural injection of tumor tissue and intravenous injection 
of 0 1 cc of blood gave neurolymphomatosis m one chicken that died and was 
examined at twenty-five days 

Expel imcnt J— Intramuscular injection of lymphomatous tumor tissue and intra- 
venous injection of 0 1 cc of blood gave neurolymphomatosis in four chickens that 
were killed or died and were examined at twenty-seven, thirty-two, forty-two and 
fortv-mne davs, respectively, after inoculation (average, killed or died at thirtv- 
seven and a half davs) 

In these three experiments all inoculations were successful 
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The expel iinents show that stiain 2 can be leadily tiansmitted b) 
intianeiual injection The inoculated nerves became greatly thickened, 
and there was extensive lymphomatous infiltration about the nerve 
extending by continuity into the adjacent muscle tissue (fig 3 C) Sub- 
sequently, large basophil l 3 mphoc>d;es and erythroblasts appealed in 
the blood 

Another expeiiment with fewer animals }ielded similai results 

The neurolymphomatosis stiams 5 and 6 that will be desciibed m 
pait II do not pioduce anemia and aie seldom associated with l 3 mphatic 
leukemia 

Summaiy — ^The intraneuial route is Aei 3 favoiable for the tians- 
mission of tymphomatosis stiain 2, and the large l 3 mphoc 3 tes ot strain 2 
piolifeiate in and about the inoculated neives 

II NEUROLYMPHOklATOSIS (FOWL PARALYSIS) PRODUCED 

BY STRAINS 5 AND 6 

In 1907 Marekd® in Hungan, desciibed a disease characterized b 3 
extensive round cell infiltration of the peiipheral nerves and of the 
posterior root ganglions and named it “neuritis interstitiahs ” Two types 
of nontiaumatic paialysis haie been since recognized in the bird 
(fl) nutiitional paralysis due to iioninflammatoiy, degenerative changes 
caused by vitamin B deficienc 3 ’’ (Eijkniann) and {h) !Marek’s Gcfliigcl- 
lahmc 

“Infectious polyneuritis,” “neurom 3 'elitis,” “lange paral 3 Sis,” “fowl 
paralysis,” and “neurolymphomatosis” are S3nonymous terms pioposed 
foi Marek’s paialysis, of which onl 3 ' the teim “neurol 3 mphomatosis” 
will be used in this report Neurol 3 'mphomatosis has been obseived in 
the United States and Canada, in seA^eral countiies of Europe, in Africa 
and in Japan It is now recognized as one of the most common fatal 
diseases of 3 ^oung chickens from 3 to 11 months of age 

Failure of experimental transmission of the disease has been lepoited 
by numerous workeis, although most of them have expressed the belief 
that the causatn^e agent is a virus 

Successful tiansmission of neurol 3 unphomatosis was fiist desciibed 
by Van der Walle and Winkler- Junius, but the evidence piesented by 
these, as well as by several othei Avorkers, is not sufficient to suppoit 
their conclusions'’ The fiist experiments that strongl 3 '’ suggested the 
transmissibility of neui olymphomatosis Aveie made by Pappenheimei , 
Dunn and Seidlin " Paral 3 ^sis occurred in 26 per cent of then experi- 
mental buds as compared Avith 8 pei cent of then uninoculated controls 

16 A'larek, J Deutsche tierarztl Wchnschr 15 417, 1907 

17 The literature on neurolymphomatosis has recently been reviewed bj’’ 
Jungherr, E Storrs Agric Exper Stat Bull, no 200, 1934 
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Bailing and Wairack’® observed that 27 pei cent of the inoculated 
chickens acquired paialysis, as compaied with 2 5 per cent of the unin- 
oculated controls It is noteworthy, howevei, that the death late, due 
mainly to coccidiosis, was 38 5 pei cent among then inoculated chickens 
and only 3 8 per cent among their unmoculated contiols, but this is 
obviously no evidence that coccidiosis was influenced by the inoculations 
Tiansmission experiments of Seifiied^® made on a small number of 
chickens suggested that neurolymphomatosis is tiansmissible by feeding, 
but this has not been conflimed 

The etiology of neui olymphomatosis and its i elation to leukosis of 
chickens are subjects of much controversy 

Ellermann and Bang and most woikers who subsequently studied 
leukosis of chickens did not obseive paralysis among their expeiimental 
birds , most of those who studied neurol 3 nnphomatosis, on the contrary, 
noted the fiequent association of fowl paialysis with Ijnnphomatous 
tumors of the viscera'^ Our experiments have shown that there aie 
several agents that produce leukosis, one (that of stiain 1) causes 
eiythroleukosis and myeloid leukosis and is unassociated with infiltiation 
in the nervous system, while another (that of strain 2) produces lympho- 
matosis with infiltration in the nervous system Strain 2 almost 
invariably causes severe anemia, extensive lymphomatous infiltiation of 
the bone mariow and the appearance of numerous large basophil lympho- 
cytes m the blood, but none of these alterations aie known to occur m 
association with neurolymphomatosis These differences have suggested 
that the causative agent of fowl paralysis is not identical with any of 
the known stiains of leukosis, and this suggestion is confirmed by the 
experiments described here 

Although several workers found a gieatei incidence of paialysis 
among their experimental birds than among unmoculated contiols, none 
described a strain that could be passed leadily from diseased to healthy 
chickens and studied m successive passages Since the filtrabihty of 
some stiains of avian tumors and of avian leukosis is demonstiated 
with difficulty, expeiiments to demonstrate the filtiable cause of the 
disease were not undertaken until the disease had been transmitted by 
viable cells We have succeeded in isolating strains of neurolympho- 
matosis with the technic used for grafting malignant cells of mammals 
The disease could not be transmitted with cell-free material m spite of 
the ease with which it was transmitted by matenal containing riable 
lymphocytes In ti ansmission expei iments neurol} mphomatosis behaved 
like a neoplasm m which the malignant cells are lymphocytes with special 
affinity for the peripheral nerves 

18 Dalhng, T , and Warrack, G H Atti de V Congresso Mondiale di Polli- 
coltura, 1933, no 90 

19 Seifried, O A.rch f wissensch u prakt Tierh 62 209, 1930 
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MATERIAL OF STUD\ VAD PROCEDURES 

All chickens obseived with spontaneous neurolymphomatosis and most chickens 
used in the experimental work were Barred Rocks, also a few ^Vhlte Leghorns 
tested ^\ere found to be susceptible to the disease 20 The experimental birds Mere 
from 4 to IS iveeks of age when first given injections 

Infiltrated nerves and lymphomatous tumors were cut up in Locke’s or Tyrode’s 
solution and filtered through a small piece of cotton for mtraneural and intravenous 
inoculation Intraneural injections were made in the exposed sciatic or ulnar 
nerves of anesthetized birds The whole blood used for injection contained approx- 
imately one tenth of its volume of heparin solution (0 1 per cent) The amount 
injected was estimated to be approximatelj' from 0 01 to 0 02 cc 

At the beginning of the experiments only those birds that showed gross e\ idence 
of neuroh mphomatosis were studied microscopically, so that several of the chickens 
given in this report as not showing ncurolymphomatosis ma\ have had microscopic 
lesions ot the disease Microscopic examination of nerves often disclosed unques- 
tionable neurolvmphomatosis that was not detected on gross examination Since 
the location of infiltration varied greatly and usually onlv from two to five nerves 
and the svmpathetic ganglion near the adrenal were taken for microscopic exam- 
ination, several cases of neurolymphomatosis maj have escaped detection 

The incidence of death due to conditions other than fowl paraljsis was high 
among the experimental birds Most of the birds that appeared healthj and W'ere 
killed five months after inoculation when the experiment was brought to an end 
were not examined microscopically Some chickens were killed in the terminal 
stage of paralysis, and a smaller number w'cre killed to combat smalt spontaneous 
epidemics, such as fowl pox, coryza or coccidiosis 

BLOOD CHAXGES 

iMost workeis hate failed to obseive blood changes in association 
with neiirolymphomatosis, but Johnson lepoited an increase of mono- 
cytes and mast cells and the piesence of ‘budding hmphocytes’’ m the 
blood 

With lare exceptions the blood of our chickens with nemol} mpho- 
matosis appeared normal during the entire course of illness There was 
a model ate or great increase of lymphoctdes m the blood of chicken 3878 
in which strain 5 originated and m chickens 3831 and 4570 inoculated 
with this strain (table 3) Almost all of these hmphocytes -were small, 
but many of them were basophil (fig 9 B and C) Lymphatic leukemia 
occurred in a fourth chicken (3948) on invasion of the lilood by baso- 
phil l 3 mphocytes of medium and large size (fig 9D and E) It is 
possible that this was a spontaneous disease Eiythroblasts were never 
found m the blood of chickens with neuiolymphomatosis All thiee 
chickens wath small cell lymphatic leukemia had extensive neural and 
Msceial 1} mphomatosis 

Difteiential counts weie made on the blood of ten chickens wnth 
transmitted 1} mphomatosis the blood of which appealed noi mal on routine 

20 The spontaneous disease is known to affect all breeds of chickens 

21 Johnson, E P Virginia Agric Exper Stat Bull , no 44, 1932 1934, 
no 56, J Am Vet kl A 83 325, 1933 
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Fig 9 — A, characteristic posture of a fowl with paralysis of the legs B, 
lymphoid leukemia in a fowl (3878) with spontaneous neurolymphomatosis , X 400 
C, higher magnification of the lymphocytes shown in B, X HOO D, a mitotic 
figure E, two lymphocytes from the blood smear of a fowl with large cell 
lymphoid leukemia (3948, strain 5) , X HOO The blood smears were stained with 
Wright and Giemsa solutions The magnifications given are approximate 
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examination Eight showed a conspicuous increase in the percentage 
of small basophil lymphocytes, the average figure foi these cells rose 
from 5 per cent before inoculation to 14 3 per cent shortly before death 
(table 3) The small basophil lymphocytes in the blood of paialy/ed 
chickens weie indistinguishable from the similar cells of normal chicken 
blood 

ANATOMIC CHANGES 

The anatomic changes associated with neurolymphomatosis have been 
well described by numerous workeis We refer particularly to the 
articles of Marek and Pappenheimer, Dunn and Cone ® and mention 
only observations that deviate fiom or add to those of previous workers 
The changes produced by stiains 5 and 6 are indistinguishable from 
those associated with the spontaneous disease The characteristic posture 
of a chicken with neurolymphomatosis of the sciatic nerves and lumbo- 
sacral plexuses is shown in figure 9 A 

The basic alteration m neurolymphomatosis consists of infiltration 
of the peripheial nerves (fig 10 5, C and D) and ganglions (fig 11 A 
and 5) by cells like lymphocytes The character of the mfiltiation is 
m most instances that of a lymphomatous neoplasm The degeneiative 
and inflammatory changes with which lymphomatosis is associated may 
be regarded as secondary Several nerves aie usually involved but to 
a variable extent, almost any peripheral nerve may be involved, the 
vagus (fig \2A), the brachial plexus (fig \2D), the intercostal, 
splanchnic and lumbosacral plexuses (fig 12 5) and their branches are 
common sites of neurolymphomatosis The diagnosis can be made in 
the majority of instances from the thickening, grayish discoloration 
and loss of the normal cross-striations of nerves In a small numbei 
of instances the changes are scant, and the disease may be overlooked 
on gross examination Since microscopic examination of the entire 
peripheral neivous system is not feasible, it is impossible to exclude 
the presence of mild lesions of neurolymphomatosis in any bud The 
lymphocytes are of small or medium size, like normal lymphocytes m 
appearance 

Usually the small, occasionally the medium-sized, lymphocytes are 
predominant Among the lymphocytes of medium size mitosis is 
abundant The absence of polymorphonuclear leukocytes is significant 
The lymphocytes are found scattered diffusely between the nerve fibers, 
but often there is a conspicuous peiivascular cuffing m and about the 
nerve The diagnosis of fully developed neuiolymphomatosis offers no 
difficulties, the meaning of mild lymphocytic infiltration is doubtful 
L 3 nTiphoid infiltration, not neoplastic in character, is often associated 
with the formation of true germinal centers (fig 13 C and 5) showing 
histologic evidence of lymphocyte formation (fig 13 5) Formation of 
germinal centers, absent in lymphomatosis, may be regarded as evidence 
of orderly lymphocyte formation 
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Fig 11 — A, ganglion of a chicken with spontaneous neurolymphomatosis, the 
hmphoicl infiltration does not appear to be neoplastic, X 120 B ganglion of a 
chicken with transmitted lymphomatosis (strain 5), showing neoplastic infiltration, 
X 450 C, ovarian lymphoma (strain 5) , X 280 D, the bone marrow of a chicken 
with spontaneous neurolv mphomatosis showing no evidence of hyperplasia or lymph- 
oid infiltration , X 60 The sections w'ere stained with eosin and arure II solutions 
The magnifications given are approximate 
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Fjg 12 — A, lymphomatosis of the vagus (strain 5) B, Ivmphoma infiltrating 
the adrenal, adjacent ganglions and upper lobe of the right kidney Lymphoma- 
tosis of the sciatic nerves and brachial plexuses C, Ivmphoma of the ovary infil- 
trating the upper lobes of both kidneys and adjacent parts of the right lung D, 
lymphomatosis of the brachial plexuses and ganglions E, lymphomatosis of the 
lung The last four pictures represent chickens with spontaneous neurolympho- 
matosis 
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Fig 13 — A, microscopic structure of a tumor of the brain found in a chicken 
that recened an injection of tissues from paralyzed birds (strain 5) , X 350 B, 
perivascular small round cell infiltrations in the brain of a chicken that received 
an injection of strain 2 , X 100 C and D, lymphoid tissue with germinal centers 
in the sciatic nene of a chicken at the site of mtraneural injection of mouse brain 
carrying tbe virus of lymphogranuloma inguinale The sections were stained with 
eosin and azure II solutions The magnifications are approximately C, X 100, 
D, X 300 
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The spinal and sympathetic ganglions are favorite sites of infiltra- 
tions that are continuous with those of the peripheral nerves 

Perivascular round cell infiltration in the biain and cerebellum (fig 
13 B) was seen m numerous buds, but it is doubtful whether this infil- 
tration was caused by the agent of neurolymphomatosis, for the follow- 
ing reasons (a) The infiltiation m the brain was composed of small 
lymphocytes and occasional cells like monocytes, and mitosis among 
these cells was scant even m chickens in which the coexistent infiltration 
of peripheial nerves and viscera was composed of lymphocytes of 
medium size with abundant mitotic figures, (b) similar alterations m 
the biam aie very often found in appaiently normal chickens (Pappen- 
heimer, Dunn and Seidlin) , (c) these alterations haie the chaiacteristics 
of encephalitis, not those of a neoplasm 

The cord was often noimal even in the presence of extensive infil- 
tration of the adjacent spinal ganglions Less often it showed mild, 
occasionally extensive infiltration, which w^as usuall) perivascular and 
continuous with the meningeal and neinal infiltration It is possible 
that m these cases the lymphoid cells reached the cord by w'ay of the 
peiipheial nerves 

In one chicken (3862) a spherical tumoi about 0 8 cm m diameter 
was found m the ceiebium The micioscopic appearance of this tumoi, 
shown in figure 13 A, resembled that of a spongioblastoma “■ 

Infiltration amounting to tumoi formation about the inoculated 
sciatic nerve is shown in figure 10 A The diagnosis of incipient neuio- 
lymphomatosis of the inoculated neives oftered gieat difficulties because 
of the nonspecific changes caused by the tiaumatism The formation 
of lymphoid follicles about the neive as shown in figuie 13 C and D 
w'as consideied a nonspecific alteiation 

Among the viscera, the ovary was the most fiequent site of mfiltia- 
tion (figs lie and 12 C) It w'as enlaiged to several times its noimal 
size, Its normal lobulated structure W'as obhteiated by the yellow'ish- 
gray, soft, infiltiatmg l 3 anphomatous tissue In tw'o instances, how'ever, 
neurolymphomatosis w^as found in appaiently healthy egg-laying 
chickens The behavior of the blood-forming organs, bone manow'^ 
(fig 11 -D), spleen and hvei (fig 5 C) is notew’-orth}'- In the majority 
of cases the}^ showed no conspicuous alteration The lyinphomatous 
infiltration occasionally found m the bone marrow' was nodular and 
replaced only a small pait of the mariow', in the livei (fig 5 C) the 
infiltrations were periportal , in the spleen they were found both m the 
pulp and in the follicles The normal structure of these organs w'as, 
however, invariably retained Lymphomatous infiltration m the kidney 

22 Dr Lewis D Stevenson examined sections of the central nervous system 
and interpreted the lesions found 
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and adienal are shown in figure 12 5 and C The light lung in figure 
12 C IS normal, whereas that of figure 12 E is infiltrated by malignant 
lymphocytes > 

TRANSMISSION WITH STRAIN 5 

0? igin of Sti am -Twenty-three chickens with clinical symptoms of 
neurolymphomatosis, found in the state of Delaware, were killed after 
a peiiod of observation of from one to thirteen days Postmortem 
examination of thiiteen of these chickens showed thickening of nerves 
with no tumor formation, another eight showed thickening of neives 
and gross visceral infiltiation or tumors, and in two there was no gioss 
or microscopic evidence of neurolymphomatosis 

It IS evident that neurolymphomatosis can be diagnosed fairly 
accurately by clinical examination since only two of the twenty-three 
chickens received failed to show gioss evidence of the disease These 
two chickens have not been studied microscopically Most of these 
chickens, including the two that showed no gioss evidence of neuio- 
lymphomatosis, were infested with tapeworms 

Unsuccessful inoculations were made m twelve chickens, each 
leceiving one or more injections of blood or nerve emulsion from one 
01 more chickens with spontaneous paralysis 

The first successful inoculations were made from a chicken (3878) 
with spontaneous neui olymphomatosis and the transmissible strain 
derived from this fowl is called strain 5 

Spontaneous neurolymphomatosis in this chicken was associated with 
lymphomatosis of the viscera and lymphatic leukemia The association 
of lymphatic leukemia with neurolymphomatosis was hitherto unknown 

The bird was a much emaciated pale young Barred Rock hen that weighed 
600 Gm Its erythrocyte count was 2,950,000, the leukocyte count, 145,000, 92 per 
cent of the leukocytes were lymphocytes, mostly of small size (fig 9 B and C) 
The hematocrit values of the blood were erythrocytes, 33 5 , leukocytes, 4 5 , 
plasma, 62 The relatively low hematocrit value for leukocytes was due to the 
small size of the lymphocytes 

Both the legs and the wings were weak or paralyzed, the right more so than 
the left At autopsy the vagus nerves, the brachial plexuses and their branches, 
and the lumbosacral plexuses and their branches were greatly thickened The left 
brachial plexus was estimated to have a diameter of from three to five times nor- 
mal, and attached to one of its branches there was a gray tumor nodule measuring 
0 7 cm across About one third of the left lung was the site of gray lymphomatous 
infiltration In the skin of the neck there was a lymphoma about 2 5 cm m diame- 
ter, and a smaller lymphoma was found in the skin of the left leg Surrounding 
the left carotid artery there was a fusiform tumor 0 5 cm across There were 
gray spots in the voluntary muscles, and microscopic examination of these areas 
showed extensne interstitial infiltration with lymphocytes mostly of medium size, 
many in mitosis The bone marrow was normal and contained abundant fat 
Grossly, the liver appeared normal , the spleen was slightly enlarged, and its fol- 
licles were prominent 
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The lymphocytes that caused the extensive infiltration of nerves and viscera 
and invaded the blood stream were mainly of medium and small size, indistinguish- 
able morphologicall}'^ from normal Ij'mphocytes The alterations found in the tis- 
sues were indistinguishable from lymphomatous neoplasms of mammals 

Expci iments — Six chickens weighing from 850 to 1,100 Gm were 
given intravenous injections of 4 cc of the blood of chicken 3878 The 
inoculations were successful with one exception (table 4) This chicken 
(3849) has since been twice reinoculated inti avenously with tissues 
derived fiom paralyzed chickens, without ill effects 

The second subpassages were also made by intravenous injections 
of large amounts of blood (from 1 to 10 cc ) and, with the exception 
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Fig 14 — Passages of strain 5 The Roman figures show the number of the 
passage, the Arabic figures, the number of the chicken from which the passage 
was made The results of inoculation are summarized m table 4 


of two chickens that died of eaily mtercurrent infection of the upper 
lespiratory passages, all inoculated chickens acquired neurolympho- 
matosis The results of these and twenty subsequent passages are sum- 
marized in figure 14 and m table 4 

TRANSMISSION WITH STRAIN 6 

Passages made with stiain 6 neurolymphomatosis aie shotvn in figuie 
15 and in table 5 The origin of this stiain is somewhat obscure 
A chicken (3850) iveighing 950 Gm received intravenously 21 cc 
of blood from two chickens with spontaneous neurolymphomatosis, and 



Table 4 Ti ansimssion of Neni olymphomatosjs (Stiam 5) with Cell'Contaimng 

Mateual 


Passage 

Chickens Successful 
Inocu Inocula 
lated tions 

Material 

Injected 

Route of 
Injection* 

Length of Life and 

Results of Injectiont 

I 

0 

4 

Blood 

Intrav 

L8+, Iv32+, D36+, DIO— , D46H-, alive 

Ila 

4 

2 

Blood 

Intrav 

D34— , Dal—, K59+, K78+ 

Ilb 

4 

4 

Blood 

Intrav 

R434-. K49+, K75+, K77+ 

Ilia 

3 

1 

Blood 

Intrav 

I)3C — , D48 — t K84-I- 

Illb 

7 

G 

Blood 

Intrav 

L.24+, K41+, L.G6+, K77+, K97+, 



+ recovered, alive — 

IIIc 

12/31 

3 

1 

Blood 

Intrav 

Dj5 — , K55+, K73 — 

1/ 7 

4 

4 

Blood 

Intrav 

K36+, Roll-, K56+, K71+ 

IVa 

11/23 

4 

1 

Blood 

Intrav 

R64+, alive —, alive — , alive — 

11/27 

4 

3 

Tumor 

In tram 

DGS+, DCS+, K72+, alive — 

IVb 

12/ 9 

4 

1 

Blood 

Intrav 

DIO— , R45+, D72+ 

12/18 

4 

4 Blood and spleen 
Tumor 

Intrav 

Intram 

|d 44+, R54+, LiO+ K123+ 

IVc 

3 

2 

Blood 

Intrav 

D48±, K4S+, D66+ 

IVd 

6 

2 

Blood 

Intrav 

IV.34+, K77— , D101+, alive — , alive — , 





alive — 

IVe 

11/23 

4 

2 

Blood 

Intrav 

R37-, R87— , R37+, R155+ 

11/29 

3 

2 

Tumor 

Intram 

KC6+, R105+, alive — 

IVf 

1 

1 

Blood 

Intrav 

ROS-J- 

IVg 

3 

0 

Blood 

Intrav 

D51— , R103— , alive — 

IVh 

4 

3 

Blood 

Intrav 

D53+. R65+, R9G+, RD9— 

Va 

3 

1 

Blood 

Intrav 

R08+, DOS—, alive — 

Vb 

3 

1 

Blood 

Intrav 

R59+, D90±, alive — 

Vc 

7 

4 

Blood 

Intrav 

RIO— , R43+, K49+, D5C-f, DCI±, 

4 

2 

Blood 

Intran 

R104+, R162— 

D33— , D34+, K38— , D51+ 


Vd 

3 

2 

Blood 

Intrav 

K58+, R79+, RI12— 


3 

2 

Blood 

Intran 

D29+,D48+,R112— 

Via 

2 

1 

Tumor 

Intran 

D2o't'j Sl4o — ■ 

VIb 

3 

2 

Blood and 

Intran 

R36+ RC0+, KI23— 




tumor 



Vic 

2 

2 

Blood 

Intran 

D34+, D43+ 

Vid 

3 

0 

Blood 

Intrav 

K144— , R144— , R144— 

Vie 

3 

1 

lumor 

Intran 

D39— , DC0+, R143+ 

\TIa 

3 

0 

Blood and 

Intran 

D22+, R124— , K124— 


— 

— 

nene 



Total no 

Cl 





* Tho abbrevmtion Intra\ means intravenous, Intram , intramuscular, Intran , intraneural 
t K signifies that the ehicLen vas killed, D, that the chicken died The numerals state the 
length of life The plus and minus signs indicate that neurolympliomatosis was (+) or was 
not (— ) found on examination, or that the success of the inoculation was doubtful (±) 
Thus KS+ means that a chicken killed thirty two days after inoculation showed evidence of 
neuroljmphomatoEis “Aliva— ” means that the chicken was unaffected after a period of 
from four to five months Jlost of the chickens designated in the tables as “alive” were used 
for studies of immunity in relation to fowl paralysis 
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five days later it was inoculated with a suspension of cells of a lymphom- 
atous tumor of a paralyzed chicken The purpose of this expeiiment 
was to shorten the period of incubation and to overcome the resistance 
of the host by massive doses Six days aftei the inoculation the chicken 
showed conspicuous weakness of the left leg and left wing, and two 
healthy chickens weie each given an injection of 5 cc of its blood 
Both these chickens died with neurolymphomatosis (table 5), but chicken 
3850, on which autopsy was done tliiee days after these inoculations 
were made, showed peritonitis and pneumonia with no gross or micro- 
scopic evidence of neurolymphomatosis Neveitheless, it carried the 
agent of neurolymphomatosis 
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Fig 15 — Passages of strain 6 The Roman figures show the number of the 
passage, the Arabic figures, the number of tiie chicken from which the passage 
was made The results are summarized m table 5 


Three of the four chickens of the fiist subpassage (Ila of table 5) 
were lost in an epidemic of fowl pox and were discarded without micro- 
scopic study One chicken of the second passage (Ilb) presented 
paralysis, but four chickens (passage Illb) inoculated with its blood 
were unaffected , another chicken of the second passage showed leukemic 
myelocytomatosis with no evidence of neurolymphomatosis Since this 
was the only instance of leukosis other than lymphomatosis observed in 
this study involving approximately three hundred chickens, no signifi- 
cance can be attached to its occurrence This chicken was probably a 
earner of the agent of neurolymphomatosis, foi one of the three 



FURTH— LYMPHOMATOSIS AND FOWL PARALYSIS 411 

chickens inoculated with its blood (4036, passage Ilia) acquired typical 
neurolymphomatosis Chicken 4036 is one of the three chickens desig- 
nated in figure 15 and in tables 4 and 5 as successfully inoculated because 
its blood contained the transmitting agent in spite of the absence of the 
anatomic changes of neurolymphomatosis 


Table 5 — Tianswission of New olymphoinaiosts (5’Uai)i 6) zuith Cell-Contawiiig 

Material 


Passage 

Chickens Successful 
Inocu- Inoculn 
lated tions 

Material 

Iniectcd 

Route of 
Inicction* 

Length of Life and 

Resuits of Injection* 

I 

2 

2 

Blood 

Intrav 

K49+, K59+ 

Ila 

4 

0 

Blood 

Intrav 

K20— , K25— , K25— , alive — 

Ilb 

4 

2 

Blood 

Intrav 

K23+, K39+, alive—, alive — 

Ilia 

3 

1 

Blood 

Intrav 

R7G+, K77— , K77— 

Illb 

4 

0 

Blood 

Intrav 

Alive — , alive — , alive — , alive — 

IVa 

12/16 

3 

0 

Blood 

Intrav 

D25— , D30— , alive — 

12/19 

6 

4 

Blood or 
nerve 

Intrav or 
intran 

KSS-l** Ko3-l-( K56-l-^ K78“j HliVG ” 

Va 

3 

3 

Blood or 
nerve 

Intran 

KSS-f** KoG+t K654* 

Vb 

9 

8 

Blood or 
nerve 

Intrav or 
intran 

K40+, D47+, D33+, K54+, K02+, DD5— , 
I)97+, K1114-, K117+ 

Via 

3 

1 

Nerve 

Intran 

K32+, K48±, K154— 

VIb 

6 

3 

Blood 

Intrav or 
intran 

11.41 +, K50+, D55+, KC6— , Kll4— 

Vic 

2 

2 

Nerve 

Intran 

D44+, D62+ 

VId 

4 

3 

Blood 

Intrav 

D49+, I1.5G+, K82+, K156— 

Vila 

3 

1 

Blood or 
nerve 

Intr in 

LS8+, K102— , K116— 

Vllb 

3 

3 

Blood or 
nerve 

Intram and 
intran 

K36+, I 1 . 5 I+, K 122 + 

VIIc 

3 

0 

Blood 

Intrav and 
intran 

K124— , K124— , K124— 

Vlld 

3 

1 

Blood or 
tumor 

Intran 

D20— , D24+, 11129— 

Villa 

2 

1 

Blood 

Intran 

K55+, D96 — 


Totals 66 35 


* The abbreviations are e\plained in the footnote to table 4 


The history of further subpassages is shown in table 5 The intro- 
duction of intraneural injection has greatly increased the percentage 
of successful inoculations, and the extensive infiltration in and about 
the nerve receiving the injection has revealed the success of the injection 
shortly after inoculation 

PRESENCE OF THE TRANSMITTING AGEMT IN THE BLOOD 

The first question that confronted us was whether transfers with 
blood should be made at the early or at the late stage of the disease 
It IS known that in most common virus diseases the appearance of 
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antibodies is followed disappeaiance of the virus fiom the blood, 
but leukosis is readily transmitted with blood at an advanced stage of 
the disease Quantitative studies on the concentration of the trans- 
mitting agent of leukosis and of Rous sarcoma m the blood have thus 
far, to our knowledge, not been made, but our experience with leukosis 
indicates that the disease is transmissible with the blood of leukotic 
chickens at all stages of illness The results of an experiment made with 
strain 5 aie recoided in table 6 The chicken whose blood was used in 
this expel iment was inoculated on September 1 and showed the first signs 
of paralysis on October 13 Tests for the presence of the transmitting 
agent in its blood weie made on Octobei 13, October 31 and Novembei 
13 Two days later, when moribund, the chicken w^as killed It sho\ved 
extensive thickening of ntimei ous nei i es but no infiltration or tumors m 
the viscera 


Table 6 — Data on Tiansjos of Stiain 5 by Injections of Blood at Successive 

Stages of Illness 


Date of Injection 

Result with 0 5 Cc 

Result with 5 Cc 

October 13 

K24+ 

K41+, alive — 

October IS and 81 

+ recovered 

K77+ 

October 31 

ECC+ 

K07+ 

November 18 




Similar experiments %veie made ivith the blood of a chicken that 
was inoculated on September 1 and showed the first signs of paralysis 
on October 31 The first inoculation, made on October 31, Avas much 
less successful than the second, made with blood taken from the heart 
immediately after death (November 17) Inoculations on October 31 
with 0 5, 2 and 10 cc of blood gave, lespectively, negative lesults in a 
chicken that died at 55 days, neuiolymphomatosis in one that was killed 
at 55 days and negative lesults in one that was killed at 73 days 
Inoculations on November 17 wuth 0 2 cc of blood gave neurolympho- 
matosis in chickens killed at thiity-six, fifty-one, fifty-six and seventy- 
one days, lespectivel)'', aftei inoculation 

These experiments show that the transmitting agent circulates in 
the blood of the paiatyzed chicken duiing the entiie period of manifest 
disease Economic leasons prevented us from determining accurately 
the concentration of the transmitting agent in the blood In subsequent 
wfork, however, the transfers W'-ere successfully made, as with leukosis, 
from chickens with advanced disease Nevertheless, quantitative com- 
parative determination of the presence of oncogenic agents and of com- 
mon viruses in the blood at various stages of illness is desirable 

Concentration of the Ti ansmithng Agent m the Blood — Intraneural 
inoculations w^ere made with appi oximately from 0 01 to 0 02 cc of 
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blood, and since the majority of the chickens thus inoculated piesented 
the disease within a compai atl^ ely short period of tune, it is probable 
that the minimal infecting dose is much smallei 

Before the discovery of the efficiency of the intianeural loute, 
attempts were made to determine the amount of blood required to trans- 
mit paral3fsis b}'^ the intravenous lOute The results of such an expeii- 
ment \vere as follows With 1 cc , two chickens killed at forty-nine 
and one hundred and four days aftei inoculation showed neuio- 
lymphomatosis With 0 01 cc , one chicken that died at fifty-six da}S 
presented neurol) mphomatosis, while in anothei that died at sixty-one 
days the success of the inoculation was doubtful With 0 0001 cc , one 
chicken that was killed at fort) -three days showed neurolymphomatosis, 
while two that died at forty and one hundied and sixty-two days did 
not show any eMdence of the disease 

Table 7 — Experimental Study of Conecntiatiou of Tiansmitting Agent ui Blood 



Amount of 



Amount of 


Blood Iniccted. 

Results of 


Blood Injected, 

Results of 

Experiment 

Cc 

Injection* 

E\pcrinicnt 

Cc 

Injection* 


r 1 

K75+ 


r 0 02 

1)101+ , alive — 


' 2 

Ivf3+ 

i 

{ 02 

K54+, KIGC — 

1 


R49+ 


1 2 

K77— , alive ~ 

1 

i 10 

ht?*!* 




i' 

r 05 

+ recovered, 
K24+, IvG0+, 

5 

( 05 

( 5 

AIhe— , alive — 
1^04+, alive — 

2 < 

1 

1 

5 

K77+, Kn+, 
K97+, alive — 

C 

5 05 

i 5 

Iv37+ 

K155+ 


r 05 

Djo — 


f 0 02 

ViS-h- 

8 ^ 

2 


7 

\ 02 

I)CG+ 


1 10 

K73- 


1 2 

K48+ 


* The abbreviations arc CNplnined in the lootnote to table 4 


Preceding this expeiiment from 0 02 to 10 cc of blood was used 
for intravenous inoculations, but the results appeared to be independent 
of the amount of blood injected, as shown in table 7 

INTRANEURAL TRANSMISSION 

Failure of previous workers to increase the percentage of successful 
inoculations by mtraneural injections or to cause local infiltration of 
the nerves receiving injections at fiist discouraged attemjits to tiansmit 
the disease by this route, but when it was recognized that neurolympho- 
matosis IS allied to Rous sarcoma and Ellermann’s leukosis, these failures 
seemed paradoxical For if the lymphocyte is the neoplastic cell in 
neurolymphomatosis and the peripheral nerves and ganglions are the 
common sites of infiltration, mtraneural introduction of the malignant 
cells should bring about infiltration of the nerves receiving injections 
Compaiative intravenous and intianeural inoculations with the free 
virus, on the other hand, might determine whether the viius has a 
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special affinity for the neives, which aie secondarily invaded by lympho- 
cytes, or for lymphocytes, which it tenders malignant and endows with 
special affinity for the neives 

The experiments lecorded m table 8 show that i\ith the blood of 
paralyzed chickens mtianeiiral inoculations are more often successful 
than mtiavenous inoculations 

Tablf 8 — Compaiison of httiancuial ■with Inti avctiotis Tiansfci 



Route of Injection 

Results of Inoculation 

Inrravcnous 


K5S+, K79+, K112— 

Intraneurai 


D29+, D1S+, alive — 

Intra\ cnous 


Dj 6+, DGl— 

Intraneurai 


D33-. D3S— , D51+. D34+ 

Intravenous 


IvGG— , K114— 

Intraneurai 


Iv414'» Ro0-1“» n >5'1~ 


Totals 

ChicLens with 
Chickens ^cu^o^^^lpho 

Inoculated niatosls 

Intravenous 


7 3 

Intraneurai 


10 7 


Table 9 — Companson of Emulsion of Infiltiatcd N^civcs 'with Whole Blood as a 

Mtdtnm of Tiansfci 


Material Injected 

Amount 

Injected, 

Cc 

Route of 
Injection 

Results of Injection 

Blood 

05 

Intrni 

R34+, D93 — , Ii97+ 

Xerve* 

0 01 

Intrnr 

K40+, K110+, K117+ 

Nerve* 

0 01 

Intrnn 

D47+, 1)33+, KC2+ 

Blood 

1 

Intrni 

K(8— , K113— 

Nerve* 

0 01 

Intrnn 

R3S+, K53+ 

Nerve* 

Blood 

OOI 

01 

Intrnn and 
intrnr 

1 D44+, K5G+ 

Totals 



Chickens i\ith 
Chickens Neurolympho 

Inoculated mntosis 

Intravenous 



8 5 

Intraneurai 



7 7 


* Suspension of infiltrated nenes 

An emulsion of mfiltiated neives tiansmits the disease as well as, 
if not better than, whole blood (table 9) 

In the last two chickens lefeired to m table 9 an emulsion of 
infiltrated nerves was injected into one sciatic neive and blood into the 
other The nerve inoculated with emulsion of nerve cells was more 
thickened than that inoculated with blood Neiie tissue itself is not 
required for transmission of the disease, foi emulsions of lymphomatous 
tumors of the ovary and skin as well as blood leadily transmit the 
disease 
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In a later experiment the blood of a paralyzed chicken was injected 
into the right sciatic nerve and the blood of a iioimal chicken into the 
left sciatic neive in two chickens One remained healthy, the other, 
when killed fifty-five days after these injections, showed extensive 
thickening of both sciatic nerves associated with infiltration of seveial 
othei nerves This obseivation raised doubt concerning the feasibility 
of testing different materials by multiple intianeuial injections into 
one chicken Numerous control intraneural inoculations have shown 
that neurolymphomatosis can be produced only with tissues of lymphom- 
atous chickens (see p 38) It is possible that m birds cairying the 
Mrus of neurolymphomatosis localization of hmphomatous infiltration 
IS facilitated by tiauma Such is the case with the virus of yellow 
fever 

The following obseivations suggest that the blood stream is the 
major channel through which the agent spreads from one nerve to 
distant neives 

(a) The inoculation into the sciatic neive was made midway between 
the sciatic foramen and the popliteal fossa The infiltration was exten- 
sne distal from the site of inoculation but was slight pioximal to it 

(b) The spinal cord in neurolymphomatosis shows slight or no 
infiltration There is only slight interstitial or perivascular infiltiation 
in the cord even in instances in which the spinal ganglions are so 
extensively infiltrated that then structuie is barely recognizable 

(c) The distant lesions after intianeuial injection aie as varied as 
after intiavenous injection, and nerve tissue between the diseased and 
the inoculated nerve often appears normal 

(d) The blood contains the transmitting agent in high concentration 
and reproduces a disease indistinguishable fiom spontaneous neuio- 
lymphomatosis 

These observations are in accord with those summarized by Abel,^^ 
according to which the bulk of the material injected into and about 
nerves does not follow nerve routes but passes into the subclavian vein 
by way of the endoneural and peiineural lymphatics 

The vasa lymphacea ischiadica of chickens accompany the sciatic nerve in the 
distal two thirds of the thigh (Baum 25) and, passing along the median side of 
the os femons, enter the peritoneal cavity and end in the thoracic duct 

Here the objection may be raised that both lymphocytes and virus 
might travel along the nerve fibers without causing anatomic alterations 

23 Sawyer, W A , and Lloyd, W J Exper Med Si 533, 1931 

24 Abel, J J Science 79 121, 1934 

25 Baum, H Ztschr f Anat u Entwcklngsgesch 93 1, 1930 
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Ease of transmission with cell-containing material and difficulty of trans- 
mission with injured cells suggest that the major factors in the spread 
of the disease are lymphocytes The ease with which the disease is 
transmitted by blood suggests that the lymphocytes reach distant neives 
by way of the blood stream That infiltration extends along the inocu- 
lated nerve is certain, for the sciatic nerve becomes uniformly thickened 
distally from the site of injection, proxiinally, too, the infiltrations 
may extend as far as the cord In one instance, in which the ulnar 
neive was inoculated, it was uniformly thickened throughout its course 
Thus some lymphocytes introduced in peripheral ner\es may reach the 
meninges, as do brommized oil,-® piussian blue-' and some neuiotropic 
viruses,-® but systemic neurol} mphomatosis appears to be the result of 
intravenous dissemination of the causatne agent 

CONTROL INTRANEURAL INJECTIONS 

The specificity of the alterations produced by intraneural injections 
of lymphomatosis strains 2, 5 and 6 was tested as follows 

Leukosis strain 1 produces er 3 dhioleukosis and myeloblastic leu- 
kemia Its characteristics lemained unchanged during five years of 
observation The results of injections made with the blood of chickens 
with myeloid leukemia associated with erythroleukosis were as follows 

Evpd uncut 1 — Intravenous injections gave myeloid leukemia in one chicken 
that died at thirty-nine days, and erythroleukosis in four chickens, three of which 
died at forty, forty-seven and fiftj'-one days, respectively, and one of which 
recovered Intraneural injections gave erythroleukosis in two chickens that died 
at sixty-two and seventy days , myeloid leukemia and erythro eukosis in one that 
died at sixty-nine days , myeloid leukemia in one that died ai seventy-four days, and 
no evidence of disease in one that was killed at ninety-one daj's 

Evpeiiinent 2 — Intravenous injections juelded negative results in two chickens 
killed at twenty-five and one hundred and three days and erythroleukosis in one 
killed at thirty-five days Intraneural injections yielded erythroleukosis in a 
chicken that died at thirty-nine days and negative results in two chickens killed 
at one hundred and three days 

There was only a slight thickening of the nerves, similar to that 
caused by normal blood, at the site of puncture with the needle 

These experiments show that leukosis strain 1 is readily transmitted 
by intraneural inoculation, but it does not produce neurolymphomatosis 

26 Sullivan, W E, and Mortensen, O A Anat Rec 59 493, 1934 

27 Clark, W E LeG Report to Committee on Vaccination on an Anatomical 
Investigation into Routes by Which Infection May Pass from Nasal Cavities into 
Brain Reports on Public Health and Medical Subject, no 54, Ministry of Health, 
London, His Majesty’s Stationery Office, 1929 

28 Hurst, E W J Path & Bact 33 1133, 1930, J Exper Med 59 729, 
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Eight chickens given injections of the blood of noimal chickens 
lemained healthy 

In association with Dr A Grace, I inoculated thiee chickens intra- 
neuially with the brain tissue of a mouse cairying the neuiotropic virus 
of lymphogranuloma inguinale These chickens, killed twent}'-, fifty 
and seventy days after inoculation, showed at the site of inoculation 
formation of lymphoid tissue with geimiiial centers (fig 13 C and D) 
Aside fiom this there was no lesion suggestive of lymphomatosis 
One chicken inoculated intianeuially with a cell suspension of tians- 
missible lymphomatosis of mice gave no evidence of neurolymphomatosis 

Sinmuaiy — Intraneuial inoculations are followed by neuiolympho- 
matosis only when the material injected is obtained fiom chickens with 
1} mphomatosis 

RELATION or LYMPHOMATOSIS OF VISCERA TO LYMPHO^IATOSIS 

or NER\ ES 

The association of neuiolymphomatosis with lymphomatous infil- 
tiation or lymphomas of the viscera has been noted by most of those 
who have worked with this disease, and observations made by Pappen- 
heimer, Dunn and Cone® and sereral othei workeis suggest that both 
are caused by the same agent This view has been contradicted by 
Mathews,®^ who found that lymphomatosis is often unassociated with 
infiltration of the nerves This is true for a common vaiiety of 
lymphomatosis that is characterized by great enlaigement of the liver 
(“big liver” disease, hepatolymphomatosis) 

Experiments were made to determine the relationship of lyphom- 
atous tumois occurring among the passages of stiain 5 to the infiltra- 
tion of the nervous system In experiment 1 a suspension of infiltrated 
nerves produced extensive lymphomatous infiltration of the inoculated 
nerve, but it did not produce infiltration or tumors in the inoculated 
breast muscle Experiments 2, 3 and 4 showed that the tissue of 
lymphomatous tumors occurring among the passages of stiains 5 and 6, 
unlike strain 2 or lymphomas of mice, does not produce infiltration in 
the inoculated breast muscle, but may produce neuiolymphomatosis 
unassociated with infiltration of the visceia 

Expeument 1 — An emulsion of infiltrated nerves (strain 5) was injected into 
both the right pectoral muscle and the right sciatic nerve in three chickens, and 
blood was injected into the left pectoral muscle and the left sciatic nerve in the 
same chickens The birds were killed thirty-six, fifty-one and one hundred and 
twenty -two days after the injections were made The sites of the intramuscular 
injections could not be detected, but all nerves that received injections were much 
thickened, those inoculated with nerve emulsion to a greater extent than those 
inoculated with blood 


29 Grace, A Proc Soc Exper Biol & Med 32 71, 1934 



418 


ARCHIVES OF PATHOLOGY 


Evpeumcnt 2 — Small pieces from a lympliomatous tumor (strain 5), about 8 
by 6 by 2 cm , which had infiltrated the skin and muscles of the wing of a para- 
lyzed chicken, were injected into the muscles and subcutaneous tissue of the breast 
and leg m four chickens One of these chickens remained healthy, the second 
became paralyzed and died sixty-eight days after inoculation with gross evidence 
of extensive neurolymphomatosis unassociated with lymphomatosis of other organs 
The third, killed sixty-eight days after injection because of foul pox, showed on 
microscopic examination conspicuous lymphoid infiltrations of nerves and of the 
sympathetic ganglion about the adrenal The fourth, killed se\enty-two daj's after 
injection because of roup, showed on microscopic examination distinct l 3 miphoid 
infiltration of several nerves None of these chickens showed infiltration at the 
sites of the injections 

Evpeumcnt 3 — Lympliomatous tumor tissue from a paralyzed chicken (strain 
5) was injected into the pectoral muscles of three chickens None of these chickens 
had infiltration m the inoculated muscles One remained healthy, the second pre- 
sented characteristic paralysis with no tumors, and the third showed diffuse 
lymphomatosis 

Evpcnment 4 — In this experiment four chickens w'ere inoculated by way of the 
pectoral muscle with tumor tissue of a paralyzed chicken (strain 5) All four 
acquired neurolymphomatosis unassociated with lympliomatous infiltration of the 
inoculated muscle or of the viscera Since each of these chickens also received an 
intravenous injection of blood, the general disease may ha\c been produced wuth 
blood 

In the folloviang experiments lymphomatous tumor tissue occurring 
in association with neurolymphomatosis was injected into the sciatic 
nerves of healthy chickens, and it pioduced typical neurolymphomatosis 
unassociated with lymphomatosis of the visceia 

Evpeumcnt 5 — Tissue of an ovarian lymphoma occurring m a paralj zed chicken 
(strain S) W'as injected into the sciatic nerve in three chicks One that died 
thirty-nme days after inoculation and another that died sixty days after inoculation 
showed extensive lymphomatous infiltration of the inoculated nerves , the third 
remained healthy 

Evpeument 6 — Tissue of a lymphoma of the breast muscle of a paralj^zed 
chicken was injected into the sciatic nerve in tw'O chickens One of these died 
thirty-five days after inoculation with extensive lymphomatosis of the inoculated 
nerve and general neurolymphomatosis unassociated with tumor formation The 
second chicken remained healthy 

Evpeument 7 — Tissue of an ovarian Ij'mphoma of a paralj'zed chicken (strain 
5) was injected into the left sciatic nerve and blood of the same paralyzed chicken 
was injected into the right sciatic nerve in three chicks Two died from tw'entv 
to twenty-four days after inoculation, showing neurolj mphomatosis, mainl}' of the 
inoculated nerves , the third remained healthv 

These experiments suggest that tumor tissue and suspensions of 
infiltrated ner^ es transmit neurol)miphomatosis more readily than blood, 
and support the view that the lymphocytes that form tumors and 
infiltrate nerves are the cells responsible for the transmission of the 
disease It may be assumed that transmission of the disease is due to 
a virus and that the l}mphoc}d;es are carriers of this virus, but the 
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expel iment reviewed lu the next section failed to deinonstiate trans- 
mission by cell-free mateiial 

The tumor tissue m all these expeiiments was deiived fiom 
paralyzed chickens Lymphomatosis of the visceia unassociated with 
lymphomatosis of the neivous system was found only on gross exami- 
nation In the following experiment, blood and tumor of a chicken 
that had extensive lymphomatous infiltration of the visceia, but only 
microscopic neuial infiltiations, produced extensive neurolymphomatosis 

Expel tmciit 8 — Chicken 4570 (strain 5) died ninety-two days after intraneural 
inoculation with blood frozen at — 30 C for thirty minutes At autopsy, numerous 
lymphomas were found in the heart, lung and skin, the largest being about 1 cm 
in the longest diameter Microscopic examination showed moderate lymphomato- 
sis of the peripheral nerves The heart blood of this chicken was injected into 
the left sciatic nerve and tumor tissue into the right sciatic nerve in three chickens 
Two of these, killed thirty-six and sixty days after inoculation, showed neuro- 
lymphomatosis with extensive infiltration of both inoculated nerves, the third 
remained healthy 

Snmm-aiy — Tissue from lymphomatous tumois occuiimg among 
passages of strains 5 and 6, when inoculated intraneurally or intia- 
muscularly into healthy chickens, produced neui ol}nnphomatosis with 
or without lymphomatosis of viscera Aftei mtramusculai injection it 
failed to produce tumors in the inoculated muscles, nevertheless, it 
produced neurolymphomatosis After intraneuial injection it produced 
extensive lymphomatous infiltration of the inoculated nerves 


ATTEMPTS TO DEMONSTRATE CELL TREE TRANSMISSION 

Effect of Freezing and Thawing — Fieezing inactivated the trans- 
mitting agent in all but one experiment (the fourth of table 10) 

Previous experiments have shown that blood cells are destroyed when exposed 
for thirty minutes to a temperature below approximately — IS C,®® but the micro- 
organisms tested and the agents of chicken leukosis and sarcoma are resistant 
to much lower temperatures In the first six experiments of table 10 the material 
to be frozen was sealed in a test tube and submerged for thirty minutes in alcohol 
cooled with solid carbon dioxide to a temperature of from — 25 to — 30 C In 
the last experiments an attempt was made to determine the subzero temperature at 
which the transmitting agent became inactivated From 0 2 to 1 cc of blood was 
injected intravenously and about 0 02 cc intraneurally 

The meaning of these experiments is obscure It is impi obable that 
a virus can be destroyed by thirty minutes’ exposure to a temperature 
of from 20 to 30 C The possibility remains that the malignant lympho- 
cytes contain a filtrable agent which is inactive in the absence of live 
cells, requiring their presence to obtain a foothold m a new host 


30 
1933 

31 
Furth 


Furth, J , Seibold, H R, and Rathbone, R R Am J Cancer 19 521 
Furth, J J Exper Med 61 423, 1935 

(a) Stubbs, E L, and Furth, J J J Exper Med 61 593,1935 {})) 
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These expeiiments demonstrate the necessity of using live cells for 
tiansmission of the disease, and explain the unsuccessful attempts of 
those who have attempted transmission by crushing the cells with the 
purpose of obtaining the hypothetic vii us 

Table 10— Effect of F)cccing on the Tiansimttmg Agent 


Material Injected 

Route of 
Injection* 

Results of Injection* 

Piesh blood 

Intrav 

D3G+, D54+ 

Frozen blood 

Intrnv 

Alive— , alive — 

Fresh blood 

Intrav 

IiCS+, R03— , aliv c — 

Frozen blood 

Intrav 

D90— , R109— , RICO— 

Fresh blood 

Intraa 

R40+, R104+ 

Frozen blood 

Intrav 

D53— , KlOl— 

Fresh blood 

Intran 

D3C+, DC1± 

Frozen blood 

Intran 

R3S+, DG4— , D7S— , D92+ 

Fresh blood 

Intran 

R33-l~, RG5-|“i D5G"}" 

Frozen blood 

Intran 

RlOl— , RllO-, R150— 

Fresh nerr e 

Intran 

D1G+, D44+, DG2+ 

Frozen nerve 

Intran 

D35— , D59 — , RG7 — 

Fresh blood 

Intran 

D43+, D43+ 

Blood frozen at —10 and —15 C 

Intran 

D10-, DS0-, D90— 

Blood frozen at —20 0 

Intran 

R2S— , DS0-, R122— , R122— 

Totals 

Chiclvcns with Cliickens in 

Chickens Iscuroljmpho Which Result Chickens 
Inoculated matosls Was Doubtful UnafEceted 

Fresh material 

17 

14 1 2 

Frozen material 

24 

2 0 22 

♦ The abbreiiations are c\plnincd 

in the footnote 

to table 4 


Table 11 — Results of Inoculations 

zuitli Plasma 

Material Injected 

Amount 
Injected, Cc 

Route of 
Injection* 

■Results of Injection* 

Whole blood 

05 

Intrnv 

D3G4-» D544- 

Plasma 

0 5 

Intrnv 

R1S0±. R202— 

Blood cells 

05 

Intrnv 

R129+, R202— 

Whole blood 

0 2 

Intrav 

R9G+, R99— 

Plasma 

0 2 

Intrnv 

XTS — f 

Blood ceils 

0 2 

Intrnv 

D534-I KG5+ 

Whole blood 

0 02 

Intrnv 

RCG— , RU4— 

Plasma 

0 02 

Intrnv 

D30— , DG2— , DGG— 

Plasma 

1 0 

Intrnv 

RSO— , K1C3— 

Whole blood 

0 02 

Intran 

1^.41-^-, Do5-}~ 

Plasma 

0 02 

Intran 

R34— , D84— , Rll3— (sarcoma) 

* The abbreviations are explained m 

the footnote to table 4 

Attempts at 

T? ansmissioii 

With Plasma 

— One of nine chickens 


inoculated intravenously with plasma presented paralysis, all of three 
chickens inoculated intraneurally remained healthy (table 11) 
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The plasma was obtained by spinning heparinized blood at approximately 1,000 
revolutions per minute and recentrifugating the plasma at approximately 2,000 
revolutions per minute for from twenty to thirty minutes The plasma was care- 
fully removed to avoid its contamination with cells Previous experiments had 
shown that plasma obtained under these conditions was cell-free 

Attempts to tiansmit l 3 ^mphomatosis and myelosis of mice with 
plasma similarly obtained had been uniformly unsuccessful Failure 
of mtraneural inoculations with cell-free material other than plasma 
made in a large number of chicks will be desciibed in the next section 
The sarcoma that appeared in the lumbat region m one of the chickens 
inoculated with plasma pioved to be transmissible by tumor filtrates 
and desiccates, but its virus did not pioduce paralysis (stiain 15) 


Table 12 — Effect of Diving on the Ti ansnttittng Agent 


Material Injected 

Route ol 
Injection* 

Age of Dried 
Material, 
Days 

Results of Inoculation* 

Presh blood 

Intrav 

— 

D31+, D54+, K129+, K200— 

Dried blood 

Intrav 

SG 

M20— , K1C3±, R1C3— , R103— 

rresh blood 

Intrav 

— 

3C2o4*» K49-1-, D77+ 

Dried blood 

Intrav 

159 

k3G— , D40— , K1C3— 

Presh blood 

Intrav 

— 

D44+, K34+, K70-1-, K123+ 

Dried blood 

Intrav 

61 

lv90+, K1C3— , K103— 

Mixture ol 3 dried samples 

Intrav 

01 to 150 

D54— , K1C3— , K1C3— 

Presh nen e 

Intran 

— 

DKct. D44+, D02+ 

Dried nerr e and blood 

Intran and 

1 

D33— , Dll—, D43— , D45— , DlOl— , RlfS- 

Dried blood 

intrav 

Intran 

1 

D45-, IU4S— , Ivl4S— 

Totals 

Presh (control) material 
Dried material 


Chickens Successful 

Experiments Inoculated Injections 

4 15 13 

6 22 1 


* The abbreviations are explained in the lootnote to table 4 


Attempts at Ti ansmission with Desiccated Tissues — Table 12 is a 
summary of unsuccessful attempts to preserve by diying the transmitting 
agents of strains 5 and 6 Only one of trventy-two chickens given 
injections of dried tissues of paialyzed birds died with paralysis 

Rous and Murphy found that some agents of sarcoma can be 
preserved by drying, whereas others cannot Drying was usually suc- 
cessful with our leukosis strain 1 ,^® gaicoma strains 11 and 15 and 
sarcoma-leukosis strain 13 (Stubbs and Furth often successful with 
leukosis strain 2 and occasionally successful with osteochrondrosar- 
coma-leukosis strain 12 

32 Rous, P , and Murphy, James J Exper Med 19 52, 1914 

33 Furth, J J Exper Med 55 495, 1932 

34 Furth, J Unpublished Work 

35 Furth 4a, 34 
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The technic of drying from the frozen state has been described The dried 
material was stored in the icebox in sealed test tubes, and onlj after the cor- 
responding fresh samples were found to be highly active were the stored samples 
used for the injections Each chicken received approximate! j 50 mg of dried 
blood taken up in Locke’s solution In the last two experiments dried blood was 
injected twenty-four hours after the injection of the fresh blood In the first four 
experiments dried blood was injected intravenously, in the fifth experiment dried 
blood was injected intravenously and into one sciatic nerve, while the other sciatic 
nerv'e received an injection of dried suspension of an infiltrated nerve In the sixth 
experiment dried blood was injected into one sciatic nerve and a suspension of 
infiltrated nerve was injected into the other sciatic nerve The uniform results 
obtained after drying under identical conditions each of our different oncogenic 
strains makes it unlikely that failure to preserve the agents of iieurolymphomatosis 
by drying is due to faulty technic 

Summaty — Neurolymphomatosis occuned m four of the fifty-eight 
chickens inoculated with material fiee from viable cells The number 
of positiv^e results is too small to be significant If neurolymphomatosis 
IS caused by a vnius, the conditions under which this vnrus acts remain 
to be demonstrated 

Table 13 — Summary of Attempts to Dciitousti ate T7aitsmission of New olympho- 

mafosts by CcU-Fiec Matcual 



Chlclens 

Cliiclvens with ^eu^o 

Material Injected 

Inoculated 

Ijinphomatosis 

Dried 

21 

3 

Frozen 

10 

2 

Plasma 

21 

1 

Total 

oS 

~~l (7%) 


III CONTROL OBSERVATIONS REGARDING TRANSMISSIBILITY 

OF LYMPHOMATOSIS 

The frequent occunence of spontaneous neurolymphomatosis sug- 
gested a study of its incidence among our laboratory animals 

UNINOCULATED CHICKENS 

Uninoculated chickens that could be regarded as controls were few 
in these studies, mainly because we assumed that each strain was well 
controlled by the rest of our flock The fate of twenty-nine unmocu- 
lated chickens observed mainly during the first phase of these studies is, 
however, of some interest The vertical line of figure 16 shows the 
number of chickens, the horizontal line the period during which they 
were observ^ed in the laboiatory, for example, after three months 
twenty-five of the twenty-nine chickens were alive and none of the 
four that had died had leukosis or sarcoma Later three of the twent}''- 
inne uninoculated control chickens died with aleukemic l 3 unphomatosis, 
but none of them showed gross evidence of neurolymphomatosis , one 
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died with sarcoma These as well as the similai figuies given in 
pievious reports urge caution in mteipicting the lesults of tiansmission 
experiments made without contiols and on small numbers of animals 
Although paralysis was not seen in this senes, one of forty young 
chickens (“broilers”) leceived from the fanner who supplied us with 
most of our birds showed advanced paralysis four days after arrival 
The incidence of spontaneous neoplasms among these twenty-nine 
control chickens was unexpectedly high The chickens used m studies 
of leukosis strains 1 and 2 were usually destroyed three months after 
inoculation Only one instance of leukosis occuried among the twenty- 



Fig 16 — The number of the unmoculated control chickens m relation to the 
period of observation and to the spontaneous occurrence of lymphomatosis, 
myelomatosis and sarcoma The vertical line of figures gives the numbers of 
chickens alive at the close of the periods of observation in months, shown in the 
horizontal line of figures For example, after three months twenty-five of the 
twenty-nine chickens were alive and none of the four that had died (D) had 
leukosis or sarcoma 

nine control birds within this period of time Expeiiments on neuro- 
lymphomatosis were terminated after approximately five months, and 
only one instance of lymphomatosis and one instance of myeloc}toma- 
tosis weie found among the unmoculated control chickens within this 
time Many of the control chickens weie killed after five months, but 
of the twelve chickens that were kept longer than six months two 
piesented lymphomatosis and one sarcoma We noted on previous 
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occasions the high incidence of similar neoplasms among chickens used 
111 studies on active immunity to leukosis and kept m the laboratory 
during a peiiod of from one to two years 

INCIDENCE OF NEUROLYMPHOMATOSIS AMONG CHICKENS INOCU 
LATED WITH TRANSMISSIBLE STRAINS OF LEUKOSIS 
AND SARCOMA 

These birds were kept in the same animal loom that housed the 
chickens inoculated with tissues of paialyzed birds, but usually in differ- 
ent cages From November 5 to April 27 a weekly recoid ivas kept 


Table 14 — A Pettodtcal Recoid oj the Incidence of Ncui olynipJwniotosts Among 
the Chickens m Out Animal Rooms 



Neurolj’mphomatosis 



All Other Strains of 

Total 


Strains 5, G, 4, 14 

LcuXosis Strain 2 

Leukosis and Sarcoma 

Number 








of 


Chickens 

Incidence 






Chickens 

Incidence 

Chickens 

Incidence 

Chid ens 


m 

of Ncuro 

in 

of Ncuro 

m 

of Ncuro 

in 


E\pcri 

Ijmplioma 

Export 

limphoma 

Expcri 

Ijmplioma 

Animal 

Date 

ment 

tosis 

ment 

tosis 

ment 

to'is 

Room 

Nov 5-lS 

31 

7 

65 

1 

122 

3* 

218 

Nov 19 Deo 9 

42 

2 

62 

2 

133 

1* 

237 

Dec 17 30 

48 

3 

62 

0 

112 

It 

222 

Dec 31 Jan 13 

44 

5 

52 

0 

99 

0 

195 

Jan 14 27 

07 

4 

72 

0 

112 

1* 

251 

J an 2S Feb 10 

CG 

4 

67 

2 

US 

0 

251 

Feb 1124 

71 

3 

03 

0 

103 

0 

237 

Feb 25 March 10 

lOG 

0 

62 

1 

104 

n 

272 

March 11 24 

101 

7 

59 

0 

111 

0 

271 

Maich 23 April 7 

87 

8 

1)0 

1 

107 

It 

2'9 

April 7 21 

72 

11 

53 

0 

99 

0 

224 

Aier no chicLens 

— 

— 



— 


in animal room 

G7 

51 

02 

0 0 

111 

0 7 

240 



(7 0%) 


(1 07o) 


(0 6%) 



* In chicLen inoculated nitli strain 1 
t In ehicLen inoculated ivitli strain 12 
t In chicLen inoculated ^Mth strain 13 


of the number of animals in the laboratoiy and of the number of 
chickens with either clinical paralysis or thickening of nerves due to 
lymphomatous infiltrations This lecoid, computed for approximately 
biweekly intervals (table 14), gives a fair estimate of the incidence of 
paralysis in our laboratories 

Table 14 demonstrates that neurolymphomatosis is transmissible by 
inoculations with tissues from paralyzed chickens, but it also shows that 
paralysis occurs among chickens inoculated with tissues that \vere 
derived from seemingly unparalyzed birds 

The chickens in the first group in table 14 were inoculated with material derived 
from paralyzed chickens Neurolymphomatosis strains 5 and 6 have been described 
Strain 4 was a transmissible strain of lymphomatosis that originated in a chicken 
unsuccessfully inoculated with tissues of Hodgkin’s disease of man Aftei four 
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successive subpassages this strain was dropped Lymphomatosis of tins strain was 
in most instances associated with extensive infiltration of peripheral nerves and 
occasionallv with leukemic blood pictures It produced infiltration m the inoculated 
breast muscle Strain 14 originated m a chicken that was inoculated with sarcoma 
tissue occurring in an unmoculatcd control chicken This strain, too, was dis- 
carded after three successive passages, mainly because the disease that developed 
among its passages was similar to that produced by strains 5 and 6 

The chickens m the second group in table 14 w'ere inoculated with strain 2, 
known to produce h mphomatosis with microscopic infiltration in the nerves 

The third group comprises all other chickens kept m the animal rcom including 
those inoculated with strains of leukosis and sarcoma that do not produce paralysis 
and a few' unmoculatcd chickens Five of the eight instances of paralysis recorded 
in this group occurred in chickens inoculated with strain 1 Last fall a small 
“epidemic” of neurolvmphomatosis occurred among the chickens inoculated with 
this strain for reasons that are unknown Most of the cases occurred in a group 
of eight chickens that received fractions of plasma obtained by ammonium sulphate 
precipitation at various hvdrogeii ion concentrations It is uncertain whether the 
four instances of lymphomatosis w’ere spontaneous, or w'hether the plasma of the 
donor carried the agent of neurolymphomatosis Since January this year no 
instance of paralysis has been seen in chickens inoculated w'ltb strain 1, and the 
severe test of intraneural inoculation, the results of which have already been 
described, indicates that this strain does not produce neurolvmphomatosis 

COMMENT 

Two vaiieties of tiansmissible lymphomatosis are clescnbed in this 
leport One (strain 2) is characterized b}' large lymphocytes, produces 
1) mphomatous tumois after intramusculai tiansmission, infilliates the 
blood-forming organs, and is almost invariably associated with lymphatic 
leukemia It almost mvaiiably produces severe anemia, often infiltrates 
neives, but seldom produces clinical paialysis It is very rare as a 
spontaneous disease and is readily transmissible by cell-free material 
The second type of tiansmissible lymphomatosis (strains 5 and 6, 
neurolymphomatosis) pioduces mainly lymphomatosis of the nerves, 
often associated with lymphomatosis of the viscera, seldom with 
tymphatic leukemia and nevei with anemia It is charactei ized by a 
predominance of small lymphocytes and is frequent as a spontaneous 
disease, but its transinissibihty by cell-free material is thus far unproved 
Strain 2 can be piopagated readily by cell grafts, and only under 
exceptional conditions can the free vnus stimulate normal cells to neo- 
plastic giowth An ultramicroscopic cause of lymphomatosis of 
strains 5 and 6 is still unpioved Nevertheless, analogy with related 
diseases of fowls suggests that neurolymphomatosis is also a neoplasm 
produced by a filtrable virus The disease has the histologic character- 
istics of a neoplasm It occurs almost exclusively in young adult 
chickens It is a very common disease, its incidence being, in our 
experience, greater than that of all other neoplasms together The 
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transmitting agent circulates in the blood of paralyzed chickens in high 
concentration throughout the entiie course of illness even though the 
disease is not associated with leukemia Ease of transmission by 
material containing live cells and difficulty of transmission in the 
absence of these cells are chaiactenstic of many chicken sarcomas as well 
as of chicken leukosis 

Recent suggestions that all types of lymphoid leukosis or all types 
of leukosis including lymphomas aie caused by a single viius are 
contradicted by our experience Strains 1 , 2 and 5 have been propagated 
side by side during the past year and mtioduced by similar routes of 
inoculation into experimental buds of the same age, breed and source, 
yet each stiain retained its distinguishing features as shown in table 15 


Table IS — Compaiisoit of Obsctvafio)n ou SHatus 1, 2, 5 and 6 


Points of Comparison 

Strain 1 

strain 2 

Strains 5 and 0 

ParaljEis 

None 

I«ODC or slight 

Conspicuous 

Inflitration of nen es 

Blood changes 

None 

Slight 

Extensive 

(a) Bed cell system 

Erj tliroleuhosis 

Anemia 

^one 

(b) White cell system 

None or mjclo 
blastic Icukctnin 

Increase of largo 
Ijraphoej tes and 
occnsionnlli of 
mjcloc} tes 

^onc or increase 
of small I> in 
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The suggestion that all agents of leukosis may produce saicoma is 
likewise erroneous Among approximately three hundred chickens used 
in the study of neuiolymphomatosis, only one instance of sarcoma of 
the type described by Rous was obseived This sarcoma proved to be 
readily transmissible (strain 15), but it did not produce neuro- 
lymphomatosis 

It IS difficult to preseive stiains of neoplasms by intiavenous passages 
in animals that are likely to develop similai diseases spontaneously 

Subpassages of neurolymphomatosis are best made by intraneural 
inoculation The early recognition of the disease by means of the 
characteristic local infiltration facilitates the maintenance of the strain 
Strain 2 is best earned on b}’^ intramusculai inoculations Diffuse 
infiltration or tumors formed by large lymphoc 3 Tes m the inoculated 
muscle and the subsequent leukemia aid in the diagnosis of this strain 
Strain 1 is best maintained by intravenous injection of blood into 
young chickens , thus far it is the onlj'’ strain of leukosis the agent of 
which has been readily preserved in the dry state 
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Many vanations of transmissible lymphomatosis are known in mice, 
including one that often causes paialysis,=’“'' but lymphomatosis of 
numeious nerves and ganglions with slight oi with no alteration in the 
blood-forming tissues is a unique phenomenon observed only m chickens 
Neurolvmphomatosis is very common among chickens throughout the 
world, but there is utter ignorance of the ciicumstances under which the 
spontaneous disease originates The causation and pathogenesis of 
the disease are still obscure If it may be assumed that the disease is a 
neoplasm pioduced by a filtiable agent, this agent may be either neuro- 
tropic or lymphocytotropic or both If the malignant lymphocytes that 
infiltrate the nerves arise m the I3 mphoid tissues, why do they not form 
Ijmphomatous infiltrations 111 these tissues^ If the assumed virus 
becomes attached to the nerve and attiacts lymphocytes, why did we 
fail to produce lymphoid infiltiation m the nerves inoculated with cell- 
free virus ^ If the cells are malignant lymphocytes that contain no 
virus, what aie the natural means that bring about the malignant trans- 
formation of lymphocytes, endowing them with special affinity for 
nerve tissues’ 

V SUMMARY AND CONCLUSIONS 

The virus of leukosis stiain 2 brings about neoplastic growth of 
lymphocytes with characteristic morphologic and biologic properties 
Injected intramuscularly it produces no tumors at the site of injection 
The neoplastic cells produced by it in the blood-forming organs behave 
like the leukemic lymphocytes of mammals and can be grafted readily 
in muscle tissue, where they undergo autonomous multiplication and 
produce tumors 

Two transmissible strains of neurolymphomatosis (strains 5 and 6) 
that can be readily passed from diseased to healthy chickens by an 
inoculum containing viable lymphocytes are described The trans- 
mitting agent became inactivated by freezing at — 30 C for thirty 
minutes or by drying from the frozen state 

The blood of paralyzed chickens contains the transmitting agent in 
high concentration during the entire course of illness, and when intro- 
duced by the intravenous route it produces neurolymphomatosis indis- 
tinguishable from the spontaneous disease Blood cells readily transmit 
the disease, but plasma does not The transmissibihty of the disease by 
a virus, though probable, is not proved 

After mtraneural injection of tissues from paralyzed birds the inocu- 
lated nerve becomes greatly thickened, and general neurolymphomatosis 
follows The disease spreads along the course of the nerve fibers, but 
the cord is seldom infiltrated, and distant lesions are probably the result 
of hematogenous spread 
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Lymphomatous infiltiation and tumois of the visceia ma} be caused 
by the same virus that pioduces neurol) mphomatosis 

Neurolymphomatosis is usually unassociated with moiphologic blood 
changes, but in raie instances it is associated with lymphoid leukemia 
Neurolymphomatosis is a neoplastic disease allied to leukosis and 
sarcoma, but it is not pioduced by the agent that causes eijiihroleukosis 
and myeloid leukosis, neither does the agent of neurolymphomatosis 
pioduce erythroleukosis and myeloid leukosis 
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GUMMA OF THE HEART 

REPORT or TWO CASEb 
ARTHUR R SOHVAL, M D =»■ 

NEW ORK 

Gumma of the heait undoubtedly existed unrecognized for centuries 
Because of the disinclination of early nineteenth century physicians to 
perform necropsies m cases of inveterate s}phihs/ it was not until 1845 
that the first positne report of caidiac gumma was published, that by 
Ricord,- a s} philodermatologist 

Soon aftei this, Viichow^ divided tertiaiy syphilis of the heart 
muscle into fibrous and gummatous types The former is generally held 
to be indistinguishable fiom diffuse myofibiosis found with coronary 
sclerosis, although Takata'* stated his belief that the syphilitic type can 
be recognized histologically I am concerned here neither with the 
fibrous t3'pe of myocaidial syphilis nor with the unconfirmed lesions 
described by Waithm ® but with the gummatous type, which constitutes 
a distinct anatomic entity 

Gummatous mjocaiditis may be diffuse or localized and occurs m 
congenital as well as m acquired sjphilis 

DIFFUSE GUAIMATOUS MYOCARDITIS 

Diffuse gummatous myocaiditis unassociated with grossly recog- 
nizable gummas is extremely rare, only seven cases could be found 
recorded in the literature ° It is more often found in combination with 
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the localized type (gumma) It is chaiactenzed by the presence of 
extensive interstitial and peiivascular granulation tissue infiltrated by 
lymphocytes and plasma cells Occasionally giant cells are present 
Theie aie also obliterative endaitenal lesions and frequently miliary 
aieas of coagulation necrosis These necrotic foci are sometimes of 
submiliary size, but when larger constitute a stage of transition to the 
well localized gumma The myocardial fibers may show atrophy and 
fatty change Theie may be no macroscopic lesions or, at most, innum- 
erable whitish flecks 

The diagnosis can be made onl)’^ by microscopic examination Because 
of the inconstant appeaiance of neciosis and giant cells and the frequent 
difficulty in differentiating less characteristic lesions from those of 
tuberculous etiology, SaIt 3 'ko\\ " and Baumgartner ® placed the lesions 
of diffuse gummatous and tuberculous myocaiditis m the same group 
and designated them as “specific productive m\ ocarditis ” Spirochetal 
stains are generalh’’ negative m teitiar}' S 3 'philis and, therefore, often 
of no practical aid in diagnosis 

LOCALIZED GUMMATOUS MYOCARDITIS ( CARDIAC GUMMA) 

The localized type of gummatous m 3 ocarditis known as the gumma 
IS decidedly more common and characteristic, possessing the same 
appearance and structure as gummas elsewhere in the body A total 
of ninet 3 '-se\ en authentic cases of cardiac gumma ha\e been reported ° 
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(collected fifty-six cases, including four of his own) (c) Handford, H Brit 
Af J 2 1745, 1904 (/) Keith, A , and Aliller, C Lancet 2 1429, 1906 (g) 
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The gumma may be solitary, but usually it is multiple and nodular, 
although serrated and jagged surfaces may be seen It varies from pin- 
head size to that of a fowl’s egg and is usually dull yellowish oi giayish 
white, often with a bacon-like appeal ance Palpation gives a film, elastic, 
rubber-like sensation, from which the gumma deiives its name (Gnin- 
imgcschwulst) The older, more chronic lesion is generally sui rounded 
by an irregular dense fibrous capsule which contributes to the firmness 
of the entire nodule 

The most frequent site of the cardiac gumma is the left ventricular 
myocardium, particularly the basal portion of the interventricular 
septum Gummas in this location often give rise to heait block Inter- 
ference with cardiac function also arises when gummatous lesions com- 
promise 01 invade the ^alves (table) A number of cases of involvement 
of the papillary muscles have been reported,^® m one instance with 


Bull Johns Hopkins Hosp 32 30, 1921 (r) Major, R H Arch Int Med 31 
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Warthm, A S ibid 6 163, 1930-1931 (two cases) Army M Museum, Wash- 
ington, D C, Accession no 26893, courtesy of Major V H Cornell, Medical 
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There have also been reported a number of instances of cardiac gumma which 
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khn Wchnschr 32 792, 1895 von Genersich, A Pest med -chir Presse 33 84, 
108, 1897 Jagic, N Ztschr f klin Med 66 183, 1908 Rosenfeld, F ’ 
Deutsches med Wchnschr 40 1044, 1914 Macfie, J W S , and Ingram, I Ann 
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rupture and sudden death The endocaidium or the epicardium over- 
lying a subjacent gumma may show locah7ed nonspecific sclerotic thick- 
enings, infrequently, however, they may be involved by the specific 
gummatous piocess In rare instances partial obliteration of the peri- 
cardial caMty may be produced 

The fate of a gumma in the heart is identical with that of gummas 
in other oigans Because of a marked tendency to fibrosis it may heal 
entiiely, occasionally with calcification More rarely it may undergo 
extensive softening with the formation of caMtations, in which event 
communication with the endocardial chambers is frequently established 
and cardiac aneurysm results A reported instance of embolization 
from such a source could not be confirmed Communication with the 
pericardial cavity is rarer and invariably associated with a complete 
rupture of the cardiac wall through the aneurysmal portion, this is 
manifested by sudden death Perforation of the interi entricular septum 
by a gumma has been reported in congenital syphilis, but the pathologic 
diagnosis is not conclusne 

The histologic diagnosis of caidiac gumma is based on the character- 
istic finding of a more oi less round central necrotic area containing 
nuclear and cytoplasmic debris and occasionally remnants of ni) ocardial 
fibers The last point has been stressed in the literature as being of 
diagnostic aid m differentiating it fiom the tubercle Surrounding this 
central area of coagulation necrosis there is a fairl}' well defined zone 
of granulation tissue, usually densel} infiltrated by lymphocytes, plasma 
cells and fibroblasts Giant cells, occasionally of the Langhans type, 
epithelioid cells and frequently eosinophilic leukocytes may be seen 
Lesions of the vessels in this zone may be entirely absent More fre- 
quentl) endarterial or endophlebitic hyperplastic piocesses, often with 
perivascular accumulations of lound cells, are evident In laiger and 
more chronic lesions the entire inflammatoiy focus is usuall}'-, in turn, 
surrounded by a dense connectne tissue capsule, from which fibrous 
strands radiate between the bundles of adjacent myocardial fibeis The 
gumma as a whole has a pronounced fibrous aspect 

11 (a) McNalty, G W M Times & Gaz 1 624, 1873 (b) Goodhart, 

I F , and Green, A W Tr Path Soc London 38 102, 1887 (c) Pitt, G N 

ibid 42 61, 1891 (d) Kockel, R Arb a d med Khn zu Leipzig 1 294, 1893 

(r) Kronig Berl klin Wchnschr 32 969, 1895 (/) Stolper, P Bibliot med 

(pt C) 6 25, 1896 ig) Jodlbauer, A Ein Fall von S 3 'philis des Herzens, 
Inaug Dissert , Alunich, 1897 (/i) Duckworth, D Tr Clin Soc London 29 7, 

1896 (t) Dandridge^R {]) LuceO«= {k) Klageso™ {]) Young (j«) Cookson'’ss 

12 Oppolzer, quoted by Lang, T Die S 3 'philis des Herzens, Vienna, Wilhelm 
Braumuller, 1889 

13 Goodhart and Green Pitt Kronig “e Dandridge 

14 Hughes, W E Proc Path Soc, Philadelphia 3 17,1899-1900 
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Caidiac gummas aie larely diagnosed clinically, although their 
presence can occasionally be suspected At times, the lesion is an 
accidental postmortem finding which caused no symptoms during life 
The following cases illustrate these points 

REPORT or CASE 1 

Giiuniia^ of the Left Vcntuculai MyocaxJuau and Intciventucnlaf Sepinin, 
Neciosis, Cavitation and Communication %mth the Left Venti iculat Cavity, Sac- 
cnlai Pi otiibeiancc into the Pidvxonaiy Subvahiilai Region Pioducing P<;cudo- 
stenosis 

A 53 year old Italian man was admitted to the service of Dr B S Oppen- 
heimer on Dec 8, 1931, complaining of weakness, cough, anorexia, a pressing 
sensation in the left lower part of the chest radiating to the left upper part of 
the chest on walking, dyspnea on exertion and swelling of the ankles The symp- 
toms were of three months’ duration 

There was slight cjaiiosis of the finger-tips and lips The patient was mildly 
orthopneic The temperature was 988 F, the pulse rate 116, and the respiratory 
rate 28 per minute The pupils were regular and equal and reacted to light and m 
accommodation There was dulncss at the extreme base of the right lung with 
moist rales at the bases of both lungs The heart was enlarged toward the axilla 
and extended about 5 cm to the left of the sternum in the second intercostal space 
The right border was percussed 4 cm to the right of the sternum At the base 
of the heart and just to the left of the sternum, there could be felt a strong 
systolic impulse fading m intensity toward the apex, where it was practically 
impalpable A loud, sharp sjstolic first sound and a whistling systolic murmur 
were audible in the same area with the same distribution of intensity At the apex 
there was a short systolic bruit transmitted into the upper part of the axilla and 
around into the left interscapular region The second cardiac sound was barely 
audible Occasional interpolated cardiac beats were present, the rhythm being 
otherwise regular The pulses were equal, synchronous and of good quality The 
liver was felt 4 fingerbreadths below the right costal margin , its edge was soft 
and round Edema of the feet was present Several serpiginous and round, paper- 
thin scars were observed over the right calf The neurologic status was negative 

The Wassermann and Kahn reactions of the blood were both positive (4-t-) 
The systolic blood pressure was 120 mm of mercury and the diastolic 65 The 
venous pressure was 9 5 cm of blood (direct method) The hemoglobin was 100 
per cent (17 Gm per hundred cubic centimeters of blood) The leukocyte and 
differential counts were normal The blood urea nitrogen was 42 mg per hundred 
cubic centimeters The urine contained a small amount of albumin 

A roentgenogram of the chest (fig \ A) showed a marked enlargement of 
the heart to the right and left A prominence, roughly the size of a large plum, 
was evident m the region of the pulmonary artery 

An electrocardiogram revealed the rhythm to be very irregular owing to a 
combination of occasional sinus blcck with numerous nodal beats The mam deflec- 
tion was very low, notched and widened (0 12 second) in all leads and partly 
inverted in lead III The T-wave w-as low in all leads and inverted in leads I 
and II The curve was thought to be suggestive of extensive myocardial damage 
with disturbance of the pacemaker Three tracings showed essentially the same 
abnormalities 




Fig 1 (case 1) — A roentgenogram of the chest, showing marked enlargement 
of the heart to the right and left The large prominence in the region of the pul- 
monary conus was shown to be due to a gummatous aneur 3 'sm at the base of the 
left venticle B, anterior view of the heart Note the large saccular eminence (a) 
subjacent to the pulmonary conus (t) and protruding well into the pulmonary 
subvahular region (r), creating the effect of a pseudostenosis Near the apex on 
the septal wall is a firm jellowish myocardial gumma (rf) 
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Despite diuretic and bismuth therapy, the patient grew steadily worse and died 
suddenly on the nineteenth da> after admission 

The final clinical impressions included cardiac msufficiencv, aortic stenosis, 
syphilis and a congenital cardiac lesion 

Autopsy —The. heart weighed 520 Gm It was irregularly enlarged and some- 
what distorted (figs IB and 2) The visceral pericardium, particularly over the 
left ventricle and to a lesser extent over the right ventricle, had undergone a yel- 
lowish, somewhat nodular transformation The most conspicuous distortion in 
the shape of the heart w'as due to the appearance of an irregularly rounded pro- 
tuberance which appeared to be a continuation of the upper part of the anterior 
surface of the left ventricle This protuberance w'as somewhat pear-shaped, and 
Its apex extended approximately 3 cm below the auriculoventricular sulcus anteri- 



Fig 2 (case 1) — View of the left side of the heart showing the large trabecu- 
lated communicating aneurysmal cavities (a) at the base of the left ventricle and 
anterior portion of the interventricular septum The aorta grossly shows no lesions 
suggestive of syphilis, although there is definite microscopic evidence of such 
involvement at the root 

orly Its upper portion reached approximately 4 cm above tbe sulcus, abutting 
against the left lateral surface of the pulmonary conus The left border of the 
pear-shaped mass extended over the margo obtusus and abutted against the left 
auricular appendix, which was raised by it to an upright perpendicular position 
The right ventricle was dilated The columnae carneae were atrophic and 
flattened The endocardium was somewhat thickened and w'hitened Near the 
apex (on the septal surface) of the right ventricle was a shiny, yellowish, firm 
mass about the size of a hazelnut, shining through the endocardium The outflow 
tract of the right ventricle was enlarged and presented a saccular aneurysm on 
Its left wall This aneurysm was the size of a pigeon’s egg It abutted a<^ainst 
the left pulmonary cusp, extending 0 5 cm above it The aneurvsmal mass was 
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covered by rough endocardium and formed a definite obstruction to the right 
outflow tract The pulmonary cusps and artery were normal 

The left ventricle was atrophic, the outflow tract was enlarged and showed 
irregular whitened endocardial areas One of these (on the septal surface) overlaj 
a hyaline connective tissue mass which merged with the gumma described m the 
right ventricle The papillary muscles were normal Immediately anterior to the 
right aortic cusp and situated on the interventricular septum uas a large foramen 
which opened into the irregular pear-shaped prominence seen on the outer surface 
This prominence was seen to consist of a sacculated aneurysmal dilatation of the 
left ventricle, one of the saccules forming the aneurysmal bulging which obstructed 
the right outflow tract The sac was, on the whole, smooth and lined uith endo- 
cardium Portions of it, however, presented a thin, furrowed thrombotic covering 
The right portion of the left aortic cusp was impinged on and invoKcd bj the 
aneurysmal bulging The remainder of the cusp was normal The right and 
posterior aortic cusps were normal 

The aorta showed mild atheromatous changes but no lesions characteristic of 
syphilis The orifice of the left coronary arterj' was somewhat narrowed, that of 
the right coronar}^ artery, markedly narrow'cd The major coronari arteries, the 
right more than the left, presented slight atheromatous lesions without narrow'ing 
Both auricles and auriculo\entricular \al\es were normal 

Miaoscopic E\ammation — Aorta The root of the aorta near the left-right 
commissure W'as the site of an advanced adventitial and periaortic inflammatory 
lesion The w'alls of the vasa vasorum were extremely thickened, chiefl)' bj intimal 
hyperplasia, which in many caused great narrowung of the lumen Diffuse and 
perivascular infiltrations of small round cells w’cre notewortln The annulus 
fibrosus and the tissue behind it w'erc markedly fibrosed, thickened and similarly 
involved by the inflammatory process, having a position adjacent to tne fibro- 
necrotic wall of the aneurysmal cavity at the base of the left ventricle The peri- 
aortic subepicardial fat tissue in the angle betw'een the root of the aorta and the 
aneurysmal Avail w'as likewise implicated in the infiltrative process (see Epicar- 
dium) The media of the aortic root w'as relatively intact There was slight 
fibro-elastic prolifeiation of the mtima 

Left Aortic Cusp This leaflet at its junction w’lth the w’all of the aneurysm 
was the site of an interstitial valvulitis consisting of diffuse capillarization and 
infiltration Avith lymphocytes, large mononuclear cells and fibroblasts, w’hicli 
extended uninterruptedly from the base through the entire length of the leaflet 
The structure was tremendously thickened, chiefly by the addition of an inflamed 
broad fibro-elastic band of tissue lying adjacent to the hyperplastic ventricular 
layer of elastica The latter, as Avell as the original fibrous and spongy layers, 
W'as likewise involved m the inflammatory process, which w'as obviously an exten- 
sion from that of the contiguous structures at its root 

Wall of Aneurysm at Base of Left Ventricle On the internal surface was an 
adherent thrombus undergoing organization at its base In the center of the w'all 
was a large, more or less circular, homogeneous area undergoing coagulation 
necrosis Surrounding it was a narrow' zone denselj' infiltrated w'lth lymphocytes, 
plasma cells, large mononuclear cells and fibroblasts External to this was a 
dense fibrous capsule w'hich, in one area, was the site of marked capillarization 
and formation of granulation tissue (fig 3/f) Giant cells were absent The 
Levaditi stain w'as negative 

Another portion of the wall disclosed an older, more fibrotic lesion character- 
ized by mail}' small focal and confluent areas of coagulation necrosis situated m 
the interstices of an extensively sclerotic, infiltrated and capillarized band of tissue 



SOHV 4L— GUMMA OF HEAR! 


437 


In the angle at the junction with the dome of the left ventricular myocardium, 
the fibrous aneurysmal wall diffused into the subepicardial fat tissue, giving the 
appearance of an e'.tensive granulomatous lesion, replacing the fat cells and con- 
taining numerous thick-walled vessels with endarterial lesions, dense focal and 
diffuse accumulations of round cells and fibroblasts and excessive fibrous tissue 
proliferation An occasional lymphatic channel was loaded with lymphocytes 
Epicardium The subepithelial connective tissue layer of the epicardiuin was 
markedly thickened and fibrotic The superficial zone of the subepicardial fat 
tissue (fig 3S) was massively infiltrated by lymphocytes, plasma cells, large 
mononuclear cells and fibroblasts, with an occasional giant cell This layer was 
vascularized by excessive numbers of young and old, thick-walled capillaries, with 



Fig 3 (case 1) — A, granulation tissue surrounding a gumma in the wall of 
the aneurysm , dense infiltration by lymphocytes, plasma cells, wandering cells and 
fibroblasts with numerous capillaries Hematoxylin and eosm , obj 16 mm , X 200 
B, right ventricle (a) with overlying epicarditis {b) The granulomatous process 
consisting of dense round cell infiltration, fibroblasts, numerous capillaries and 
proliferated connective tissue is seen to occupy chiefly the superficial portion of 
the epicardium The underlying myocardium in this section is relatively normal 
Hematoxylin and eosm, obj 25 mm , X 50 

marked proliferation of the lining endothelial cells The lymphatic channels were 
frequently packed with lymphocytes 

In general, the entire granulomatous lesion was situated at an appreciable dis- 
tance from the underlying myocardium, although occasionally it dipped down to 
involve its surface The myocardium of the right ventricle was extensively scarred 
These large areas of fibrosis contained isolated muscle fibers, thick-walled lessels 
with mtimal hyperplasia and narrow lumens and a scattering of lymphocytes 
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Such a superficial scarred area was seen to send narrow fibrous strands into the 
epicardial lesion where they were in proximiU 

Right Ventricle A section through the firm 3 ellowish lesion at the base of 
the trabeculum septomarginalis disclosed an area of coagulation necrosis identical 
with that noted in the wall of the aneurysm The appearance was typical of 
gumma 

Other Organs Significant pathologic observations in the other organs included 
chronic passive congestion of the liver, spleen and kidneys, a pulmonarj infarct 
and fibrosis of the pancreas Anatomic evidence of syphilis could not be demon- 
strated in any of the organs other than the heart''’’ 

COMMENT OX CASE I 

The discovery of gummatous cardiac ancurjsms m this patient was 
a complete surprise but explained the phenomena which were so puzzling 
during life, i e, the signs of valvular stenosis, a prominence in the 
legion of the pulmonary arterv (bj roentgenogram) and serologic find- 
ings indicative of syphilis 

The necropsy disclosed a rare consequence of cardiac gumma, i e , 
caseation, cavitation and communication with the ventricular cavity 
Thirteen instances of gummatous caidiac aneurysm have been observed 
(A number of so-called syphilitic cardiac aneurysms due to “syphilitic 
coronary endarteritis” have been excluded ) Lack of histologic detail 
and absence of investigation of the coronar} system detiact from the 
value of some of the earlier reports Gummatous aneurjsm, like the 
gumma, may be situated in any portion of the heart but almost alwa}S 
occurs in the left -ventricle In contrast to the usual apical position of 
cardiac aneurysm m consequence of coronaiy occlusion, the gummatous 
aneurysm, in the majority of cases, is found at the base of the ventricle 
behind either flap of the mitral valve oi in the upper portion of the 
interventricular septum 

In this case the large saccular protuberance at the base of the left 
ventiicle in the region of the margo obtusus (fig IB) accounts for the 
unusual roentgen shadow in that situation (fig I A) This contributed 
to the difficulty in arriving at a clinical diagnosis The unusual cardiac 
physical signs together with the roentgen shadow presented a complex, 
rendered more enigmatic by the fact that the patient was syphilitic 
It was difficult to correlate the latter finding with the observ'^ation of 
the maximum physical signs (strong systolic impulse, sharp first cardiac 
sound, and whistling systolic murmur) at the pulmonic area A suspicion 
of a congenital cardiac lesion, such as pulmonic stenosis, was further 
strengthened by the absence of the second pulmonic sound , however, 
this was not compatible with the roentgen shadow m the region of the 
pulmonary artery Nevertheless it was felt that the auscultatoij'- cardiac 
signs were an expression of orificial stenosis, the exact situation of 
which was uncertain 

15 The brain was not examined 
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Examination of the heait post moitem re^ealed this impiession to he 
coriect, although the mechanism was entirely unsuspected Figuie 1 B 
shows to what extent the gummatous aneuiysm in the upper portion of 
the mterventriculai septum piotruded into the legion of the pulmonaiy 
valve to cause a pseudostenosis with consequent dilatation of the light 
side of the heart 

A number of cases have been lecoided in the hteratuie (table) m 
which obstruction m the outflow tract of the light ventiicle was caused 
by a gumma piotiuding fiom the inteiventnculai septum, but no other 
case could he found m which the s3mdrome of Beinheim w^as simulated 
by a gummatous aneurysm Othei instances of valvular oi subvalvular 
stenosis oi msufficienc}'’ have been lepoited m which the valve or juxta- 
valvular region was directl}^ invaded oi compiomised hv a gummatous 
process m the contiguous mj'ocaiduim oi great vessels (table) Gummas 
in the upper portion of the inteiventnculai septum protruding into each 
ventriculai chambei and causing both aoitic and pulmonic stenosis were 
found 111 a case reported by Major Similai biostial involvement w'^as 
present in the cases of Luce (later reported by Fahi ) and Robinson 
Because of the lelative frequency of gummatous changes in the uppei 
portion of the mterventriculai septum and loot of the aorta, it is not 
surprising that interfeience wnth valvular function occurs most fre- 
quently at the aortic and pulmonic valve regions From the tabulation 
it may been seen that the oidei of descending fiequency of such inter- 
ference is pulmonary, aortic, tricuspid and initial Acquired sjphihs 
has not yet been proved to originate in a valve Staemmler pointed 
out that the gummatous piocess in the mitral valve in his case originated 
from the root of the aorta 

Of further pathologic interest in this case was the marked chronic 
epicarditis (fig ZB), which was most evident at the base of the 
ventricles This inflammatory granulomatous lesion was undoubted^ 
syphilitic and was seen to originate by extension from the gummatous 
wall of the aneurysms A similar lesion, but lacking vascular changes, 
was noted by Thorel in a case of diffuse gummatous myocarditis and 
was apparently the first of the type to be reported Salles published 
excellent descriptions and photomicrographs of the characteristic lesion, 
which 111 his case arose fiom sclerogummatous nodules in the inter- 
aortopulmonary subepicardial region “Syphilitic epicarditis” with 
miliary gummas was likewise described by Letulle Identical micro- 
scopic alterations of the epicardium were found in a case of congenital 
cardiac gumma by Oberhammer 

16 Oberhammer, K Ztschr f Kreislaufforsch 19 9, 1927 
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Macroscopically, the epicauhum may be granular as well as 
thickened Gndwood®^ obseived a diffuse thickening of the epi- 
cardium extending upward into the adventitial tissue around the intra- 
pericardial portion of the aorta and pulinonaiy artery There were no 
gross lesions of syphilitic aortitis m his case, although they were piesent 
m the cases of Salles and Letulle Lesions histologically similar to 
those observed m this case are seen not infiequently in the epicardium 
and adventitia at the root of the aoita m cases of syphilitic aortitis 
These lesions, too, undoubtedly represent extension from the inflamed 
aorta and occasionally are seen to extend a short distance down over 
the contiguous ventiicular myocardium 

It IS appaient that in cases of cardiac gumma, chronic granulomatous 
epicarditis is of syphilitic origin even though foci of coagulation necrosis 
and giant cells are absent The visceral la}ei of the pericardium is 
involved by extension from contiguous imocardial (or aortic) gummas 

REPORT or C\SE 2 

Gummatous Am lifts zoith Commtssinal Inzolvcmcuf , Gummas of the Myo- 
caidium, Rheumatic Mittal and Aoilic Stenosis and Insufficiency 

The records in this case have been made available through the kindness of 
Drs Antopol and Weiss of the Bayonne Hospital and Dispensary, Bajonne, N J 
A Negro, aged 40, entered the hospital moribund on Sept 1, 1932, complaining 
of dyspnea, orthopnea, palpitations and swelling of the feet and abdomen for fiie 
months He had had polyarthritis fifteen years before admission Three lears 
later he contracted a purulent urethral discharge and a sore on the penis Tw'o 
years prior to admission he w'as given a series of intraglutcal injections, pre- 
sumably for syphilis 

On examination he was dyspneic and orthopneic Rales were heard throughout 
both lungs A diffuse pulsation was present o\er the left lower part of the chest 
anteriorly The heart was enlarged to the left, its apex was in the sixth left 
intercostal space at the anterior axillary line, the right border of the heart was 
percussed 1 fingerbreadth to the right of the sternum, there w'ere sjstolic and 
diastolic murmurs over the entire precordium The cardiac rhythm w'as completely 
irregular The Iner was enlarged, and there were signs of free fluid in the 
abdomen Marked albuminuria was found The patient died tw'o days after 
admission 

Autopsy — Only the heart and aorta are described in detail The heart weighed 
600 Gm and was enormously enlarged The right auricle was dilated The 
tricuspid valve showed fusion of the septal-anterior commissure The chordae 
tendineae to the anterior cusp were slightly thickened The right ventricle show’ed 
marked dilatation of the inflow and outflow tracts The pulmonary cusps wTre 
normal The pulmonary artery at the base of the right-left commissure was slightly 
thickened The pulmonary artery was somewhat dilated and delicately puckered 
and showed several small yellow'sh plaques 

The left auricle was markedly dilated The endocardium was thickened The 
mitral valve showed marked universal thickening with stenosis of the orifice and 
fusion and thickening of the chordae tendineae When the mitral ring was pal- 

17 Wagner, K E , and Qwiatkowski, G I Virchows Arch f path Anat 
171 369, 1903 de Afarval and Vivoli^^^ 
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pated, the posterior commissure presented a rubbery resistance to pressure Sections 
through this region showed extensive scarring In its center was a glistening, pale 
yellow, firm mass measuring 2 mm in diameter and reaching almost to the endo- 
cardial surface under the mitral pocket The entire posterior mitral pocket was 
covered with a thrombus Another typical gumma was disclosed 1 cm to the left 
of the one just described The left ventricle was dilated and hypertrophied The 
aortic cusps were thickened The right-posterior and left-right commissures showed 
typical rheumatic fusion, but the left-posterior showed a typical syphilitic sepa- 
ration 

The aorta, starting with the insertion of the annulus and continuing up through 
the entire arch, showed porcelain-blue longitudinal wrinkling and puckering of the 
intima The orifices of the coronary arteries were narrowed by the inflammatory 
process, the right more than the left The coronary arteries were otherwise normal 

Mictoscopic Eramiuatwii — Aorta The architecture was markedly distorted 
by an infiltrative and sclerotic process The adventitia was tremenously thickened 
and fibrosed There were marked obliterative endartenal proliferation of the vasa 
vasorum and dense diffuse and focal perivascular and perineural aggregations of 
lymphocytes and plasma cells Large, irregular, dense fibrous scars, usually peri- 
vascular, were present in the media, with thickening, rupture and distortion of the 
elastic fibers Innumerable capillaries with perivascular lymphocytic and plasma 
cell infiltrations were likewise found diffusely in the media A few focal areas of 
necrosis with nuclear debris were situated in the outer third of the media There 
was a noninflammatory dense fibro-elastic proliferation of the intima, which was 
most marked over the more advanced medial lesions 

Commissure Between Left and Posterior Aortic Cusps The aortitic lesion 
just described continued unchanged into the region of the attachment of the two 
aortic cusps, which grossly showed separation In addition in the annulus fibrosus, 
there were giant cells in moderate number, occasionally resembling the Langhans 
type 

Left Aortic Cusp The attached segment of aorta showed a lesion the same 
as that just described, descending into the wall of the sinus of Valsalva, but ending 
abruptly at the upper portion of the aortic annulus The “ring spongiosa” of the 
aortic cusp contained several smooth muscle bundles and many capillaries and 
arteries The vessels ascended in liberal numbers throughout the length of the 
valve cusp in the broad fibro-elastic reduplication situated on the ventricular side 
of the hyperplastic elastica ventricularis Toward the closure line a moderate infil- 
tration with lymphocytes was present in the reduplicated layer 

Posterior Leaflet of the Mitral Valve The ring of the valve was fibrotic, 
vascularized and infiltrated with plasma cells and lymphocytes The elastica 
aunculans at this point became remarkably hyperplastic, widened and deviated 
toward the ventricular side of the leaflet by broad hyperplastic fibro-elastic redupli- 
cations, themselves the site of marked vascularization and lymphocytic infiltration 
continuous with that at the ring 

Mitral Valve at Posterior Commissure A section through the yellow nodule 
m the valve pocket showed a typical blood platelet thrombus in the pocket under- 
going basal organization It was thickest where it overlay the superficially situated 
necrotic nodule The latter had a fairly homogeneous appearance in the center, 
where it was comprised of cytoplasmic and nuclear debris This mass of necrotic 
tissue was su rrounded by a more or less irregular zone of granulation tissue con- 

17a Gross, L , and Kugel, M A Am J Path 7 445, 1931 
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taming many capillaries and dense infiltrations of lymphocytes, plasma cells, fibro- 
blasts and histiocytes Delicate fibrous strands emerged from the inner aspect of 
this zone to invade the central necrotic area 

External to the active granulating zone was a dense, jagged fibrous capsule with 
prolongations along the adjacent subendocardium and between the myocardial 
fibers These strands were likewise infiltrated wuth lymphocytes and, to a lesser 
extent, with plasma cells They contained vessels in abundance, wdiich m the 
region of the aunculoventncular junction showed extreme intimal hyperplasia, 
often with complete obliteration of the lumens There were no giant cells 

Left Ventricle There was a definite excess of perivascular fibrous tissue, as 
well as a slight, more diftuse interstitial fibrosis No definite Aschoff bodies were 
found There was moderate hyperplasia of the intima of the smaller and larger 
arteries, often localized m form The epicardium w'as not thickened, but con- 
tained numerous foci of plasma cells and lymphocytes 

Pulmonary Artery and A^alve The pulmonary artery was normal The ring 
spongiosa contained a few blood vessels and no cells There were no inflammatory 
changes in the valve 

Commissure Between Right and Left Pulmonary Valve The wedge of media 
at the root of the pulmonary artery which descends into the commissure was 
invaded by numerous blood vessels, which were surrounded in the outer zone by 
plasma cells The adventitia and media were scarred and showed rupture and 
proliferation of the elastica The valvular endocardium and intima in the com- 
missural region were thickened by dense, vascularized scar tissue 

COMMENT ON CASE 2 

This case lepresents the type in which cardiac gumma is an incidental 
finding at neciopsy and has been unpioductive of clinical manifesta- 
tions The site of the gumma was unusually firm to the touch It was 
situated at the posteiioi commissure of the initial valve, vvdiich was the 
site of rheumatic, sclerotic disease On section, the fiimness was found 
to be due largely to the dense, thick fibious capsule which eiweloped 
the gumma 

The history of this patient included both polyarthiitis and a penile 
lesion Either rheumatic oi syphilitic aortic insufficiency could have 
accounted for the clinical pictuie of cardiac decompensation The 
necropsy disclosed the fact that both these lesions were present 

RECAPITULATION 

Acquired tertiary syphilitic disease of the heart (exclusive of syph- 
ilitic aortitis with commissural involvement) is mfiequent If one 
omits from consideration the controversial diffuse fibrous type, the 
disease may be said to assume the form of diffuse mteistitial gummatous 
myocarditis or that of localized gummatous myocaiditis The latter 
type (cardiac gumma) is by far the more common lesion Direct exten- 
ts The association of rheumatic valvulitis with (gummatous) commissural 
syphilis in the same valve is a very rare postmortem observation (Sager, R V, 
and Sohval, A R Arch Path 17 729, 1934) 
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Author 

Vahe 

Invaded 

Valve 

Origin of Compromised by 
Syphilitic Tuvtaposed 

Process Gumma 

Origin of 
Gumma 

Wagner Arch d Heilk 7 
518, 1866 



Pulmonary 

Interventricular 

septum 

Schwalbe Yirchous Arch f 
path Anat 110 271, 1890 

Pulmonary 

Pulmonary’ 

artery 

Pulmonary 

Interventricular 

septum 

Volmer Ueber Gummata 
desHcivrns.Inaug Dissert , 
h-iel, 1893 (.case 2) 



Tricuspid 

Right ventricle 

de JIassari Bull Soc anat 
de Paris 0 594, 1895 



Aortic 

Left ventricle 

Luce (Fahr)!><^ 



Pulmonary 
and aortic 

Interventricular 

septum 

Stockmann'*'' 

Case I A 

Case HI 

Pulmonary 

Intcrvcntrleu 
lar septum 

Aortic 

Pulmonary 

Interventricular 

septum 

Interventricular 

septum 

Robinson”' 

Aortic and 
tricuspid 

Interv entricu 
lar septum 

Aortic 

Interventricular 

septum 

Klages”™ 

Aortic 

Aneurysm of 
root of aorta, 
intervcntric 
ular septum 



Holterdorf”” 

Pulmonary 

Pulmonary 

artery 



Bridgman and Schmeisser”' 

Tricuspid 

Intervcntricu 
lar septum 



Glrdwood”^ 



Pulmonary 
and tricuspid 

Interventricular 
septum, right 
auriculoven 
tricular septum 

Spalding and Von Glahn”! 

Aortic (loss 
of substance) 

Aorta 



Major”* 

Aortic and 
pulmonary 

Intervcntricu 
lar septum 

Pulmonary 

Interventricular 

septum 

Pnedman”’'* 

Cleland”" 

Mitral 

Aorta (’) 

Pulmonary 

Interventricular 

septum 

Gallavardin and los'crand 
Lyon mfid 139 135, 1927 

Aortic 

Aorta (’) 



Jansen (case 2)®" 

Staemmler”' * 

Aortic 

Mitral 

Aneurysm at 
root of aorta 
Aorta 



Ku\”JJ 

Pulmonary 
and tricuspid 

Pulmonary 
artery, interven 
tricular septum 


Norris U S Nav M Bull 
30 37, 1932 

Aortic (loss 
of commis 
sure) 

Aneurysm in 
sinus of 
Valsalva 



Case 1 

Aortic 

Intervcntricu 
lar septum 

Pulmonary 

Interventricular 

septum 


Summary 





Aortic 

Pulmonary Mitral Tricuspid 

Cases -nith actual invasion 

of the valves 

8 

5 

2 3 

Ca'cs with juxtavalvular 
function of valves 

gummas, interfering with 

4 

8 

0 2 


Total cases ^^ith interference in valvular function 


13 


2 


12 



444 


ARCHIVES OF PATHOLOGY 


Sion to the valvular or mural endocardium and pericardium may occur 
Rarely, the heart valves (table), auricles, epicardium or interventricular 
septum may be involved by diiect extension from the roots of the aorta 
and pulmonary artery 

The two cases herein reported are examples of cardiac gummas dif- 
fering markedly in the extent of damage produced Case 1 is an instance 
of extensive gummatous aneurysm formation interfering with A^alvular 
function On the other hand, case 2 was t 3 ’’pical of the asymptomatic 
myocardial gumma In neither case Avas the diagnosis made clinically 
However, when atypical cardiac findings are observed in a patient with 
a condition known or suspected to be syphilis, tertiary cardiac syphilis 
(gumma) should be considered The suspicion would be further 
enhanced in the presence of heart block, unusually situated weird 
stenotic murmuis and unexplained roentgen shadows at the borders of 
the heart Positive serologic data may be lacking and are not essential 
for the diagnosis 


SUMMARY 

Acquired tertiary syphilitic heart disease (exclusive of aortitis with 
commissural involvement) is uncommon and consists of circumscribed 
gummatous myocarditis (cardiac gumma) and diffuse gummatous myo- 
carditis 

The authentic cases of cardiac gumma recorded m the literature 
have been enumerated , to these, two new cases are added 

Gummatous cardiac aneury'sm generally occuis at the base of the 
left ventricle, where it is particularly apt to interfere with valvular 
function 

Involvement of the pericardium (especially of the visceral layer) 
occurs generally by extension from myocardial gummas and less often 
from gummatous lesions m the roots of the great arterial trunks 

Clinical recognition of the disease is rare Unusually situated weird 
stenotic murmurs, unexplained roentgen shadows at the cardiac margins 
and heart block in a patient m ivhom syphilis is suspected suggest the 
possibility of tertiary cardiac syphilis, most likely gumma 
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EMBEDDING IN GLYCOL STEARATE 
Oran I Cutler, M D , Loma Linda, Cai ir 

Orton and Post ^ in a seal ch for an embedding material which would 
not interfere with the demonstiation of fat in brain tissue tried di-glycol 
stearate Having furthei tested this material as a general embedding 
agent, I have found a numbei of comparisons that may be made betu^een 
It and paraffin, which it resembles in many respects 

Glycol stearate is a slightly yellowish, firm, waxy substance with a 
melting point near 50 C It is water-diffusible Tissue taken directly 
from an aqueous fixative and placed in the melted wax will become 
slowly impregnated by it When melted, the wax is miscible in any 
proportion with 95 per cent alcohol It is soluble in such substances as 
ether, chloioform, and X3dene 

Blocks of tissue to be embedded are passed through graded percentages of 
alcohol as desired They are then put into a mixture of equal parts of 95 per cent 
alcohol and glycol stearate and placed in an incubator at 56 C for a period of 
from twelve to twenty-four hours The tissues are then immersed in the pure 
melted wax and allowed to remain in the incubator for a period of time depending 
on the size of the blocks If several blocks are being treated together, it is well to 
transfer them into fresh melted wax at least once during the process of impregna- 
tion Blocks that are 2 mm in thickness are thoroughly saturated by the wax at 
the end of twenty-four hours If blocks are 4 mm thick they should be left in 
the wax for forty-eight hours Embedding is then performed in the same manner 
as when paraffin is used 

The time required for the process is greater than for some methods of embed- 
ding m paraffin, but the treatment with a mixture of alcohol and glycol stearate 
before the tissue is placed in pure wax materially hastens the process In experi- 
menting to find the proper length of time to leave the tissues in the melted wax, I 
have noticed that satisfactory sections can often be cut from blocks impregnated for 
only half the suggested time before embedding When such blocks are examined 
a number of days or weeks after they have been embedded it is found that the 
tissues have shrunken away from the wax This is obviously due to evaporation 
of the solvent remaining in the tissue and incomplete saturation of the tissue by 
glycol stearate 

When the blocks are removed from the molds after the wax has cooled and 
hardened, a little more care is required to avoid mutilation than when paraffin is 
used, for the stearate is more brittle than paraffin and adheres somewhat more per- 
sistently to the walls of the molds 

From the Pathology Department of the College of Medical Evangelists 
1 Orton, S T , and Post, J Bull Neurol Inst New York 2 302 CTulv') 

1932 
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Sections are cut in the same manner as from paraffin blocks and nice ribbon 
sections can usually be made As in the case of paraffin the sections sometimes roll 
up when cut This is more liable to occur when the humidity or the temperature of 
the air in the room is low or when very thick sections are cut As the melting 
point of glycol stearate is sharper than that of ordinary paraffin, the wax softens 
relatively little until it is heated to near this point Therefore, in warm weather 
it IS easier to cut sections from this material than from common paraffin 

Sections maj be floated on the surface of warm water and then placed on slides 
or cover slips with a film of albumin fixative The optimum temperature of the 
water to flatten the sections properlj without melting the embedding material 
IS 45 C 

The glycol stearate may be removed from the mounted sections b\ immersion 
for five minutes in chloroform or xjdene, as in the case of paraffin-treated tissues 
If all the w^ax does not appear to be dissohcd at the end of five minutes, the 
quantity which remains usually will not interfere with staining The alcohol baths 
commonly employed will aid in completing the removal of the glycol stearate 
Sometimes the sections fail to remain adherent to the slides when albumin 
fixative IS employed An alternative method of attaching sections to slides may 
be used with the aid of dropping bottles Sections may be floated onto slides and 
then dried The slides may be flooded with xylene for from two to five minutes, 
then blotted off and 95 per cent alcohol applied for one minute and blotted off 
Thin pyroxylin may then be applied over the tissues as m the method frequently 
employed with frozen sections Freshly embedded tissues always cut and mount 
better than those from older blocks 

The quaht)^ of the stained sections prepared by this method com- 
pares favorably with those embedded m paraffin Cells show little dis- 
toition unless the blocks of tissue tvere not thoroughly impregnated and 
w ere allow ed to dry out and shrink before being cut Fats are too com- 
pletely lemoved to be easily demonstrated m sections embedded by this 
method The cost of the process is similar to that of embedding in 
paraffin 
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WEIL’S DISEASE 

REPORT or A CASE WITH POSTMORTEM OBSERVATIONS AND 
REVIEW OF RECENT LITERATURE 

HAROLD J JEGHERS, MD 
JOHN D HOUGHTON, MD 

AND 

JOHN A FOLEY, MD 

BOSTON 

In 1886 Weil ^ described a disease in which sudden onset, prostration, 
fever, muscular pain, jaundice, henioirhagic tendencies and renal injuiy 
were the characteristic features Inada- in 1916 leported that a spiro- 
chete was the causative agent Noguchi ^ classified this oiganism and 
named it Leptospira icterohaemorrhagiae The disease is also called 
spirochetal jaundice or spirochaetosis ictei ohaemoi rhagica 

Although many cases have been reported fiom Europe, Japan and 
the East Indies, this condition has apparently been extremely rare m the 
United States Wadsworth^ m 1922 observed the first proved case 
rn this country and called attention to the fact that the disease could be 
acquired from the accidental prick of a needle containing a virulent 
culture obtained from a common rat which harbored the spirochete 
Ten other cases have been reported since that time from New York,“ 
Virginia,® District of Columbia,' Pennsylvania® and California® No 
case has previously been recorded from New England 

From the Fifth Medical Service, Boston City Hospital, the Department of 
Medicine, Boston University Medical School , the Mallory Institute of Pathology, 
Boston City Hospital, and the Evans Memorial 

1 Well, H A Deutsches Arch f klin Med 39 209, 1886 

2 Inada, R , Ido, Y , Hoki, R , Kaneko, R , and Ito, H J Exper Med 
23 377, 1916 

3 Noguchi, H J Exper Med 27 575, 1918 

4 Wadsworth, A , Langworthy, V , Stewart, C , Moore, A, and Coleman, 
M J A M A 78 1120, 1922 

5 (a) McDowell, E S New York State J Med 25 19, 1925 (b) Cush- 

ing, EH J A M A 89 1014, 1927 

6 Mulholland, A B , and Bray, WE JAMA 90 1113, 1928 

7 Towler, H H , and Walker, J E J A M A 89 86, 1927 

8 (a) Sailer, J Am J M Sc 170 332, 1925 (b) Hayman, J M, and 

Lynch, F B ibid 173 8, 1927 

9 Ball, A H Am J Clin Path 3 283, 1933 
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It IS our purpose in this papei to add the twelfth prored case, to 
review the pathologic and clinical aspects of the disease, to discuss 
all the leported Ameiican cases and to point out certain facts derived 
from a study of the recent hteratuie uhich will aid in the understanding 
of this disease entity 

The paucity of cases recoided in the United States may be due 
either to the rarity of the disease or to the fact that the clinical picture 
and the pioper laboratory methods of diagnosis are not geneially known 
That the latter explanation seems more leasonable was well brought 
out by the extensive work of Schuflner in the Nethei lands By means 
of a perfected agglutination test he was able to diagnose man}' cases 
not recognized clinically Fairley/’^ having found 1 typical case in a 
sewei woiker in London, applied the same agglutination test to all 
sew'er w'orkers who gave a past history of au} illness lesembling Weil’s 
disease, and he discovered 7 instances in which the disease had not 
originally been diagnosed Davidson,^- m Scotland using a similar 
method, was able to collect 23 cases among fish cutteis, whose trade 
had not pieviously been suspected of exposing one to the oigamsm 
These and similar studies have resulted in a shaip inciease in the numbei 
of cases reported fiom England, the Nethei lands and othei countries 

It has been known since the Woild War^^ that jaundice is not 
constantly present in Weil’s disease In the hteratuie since that time 
this point has either not been mentioned oi considered as a clinical 
oddity However, a study of cases of the disease m the Netherlands, 
England and France in recent years in which Schuffner’s diagnostic 
procedures were used levealed the significant fact that over 50 per cent 
of patients with Weil’s disease do not have jaundice In consequence it 
has become the practice of Euiopean workers to lefer to the condition 
as Weil’s disease in preference to those synonyms which emphasize 
“jaundice ” A similar nomenclatme should be adopted in this country 

REPORT or CASE 

History and Coni sc — The patient, a 38 j'car old white man (a fish cutter), 
entered the Fifth Medical Service of the Boston City Hospital at 5 p m on May 
31, 1934, with the complaint of severe prostration and jaundice The history was 
secured from his family, as the patient ivas too ill to answer rationally 

The patient was in excellent health until seven days before admission to the 
hospital, when he noticed lassitude, anorexia and progressive pains and weakness 
in the muscles of both legs At about the same time rigor of moderate severity 
developed followed by high fever By the end of the first day he was forced to 

10 Schuffner, W Tr Roy Soc Trop Med & H 3 'g 28 7, 1934 

11 Fairley, N H Brit M J 2 10, 1934 

12 Davidson, L S , Campbell, M A , Rae, H J , and Smith, J Brit M J 
2 3859, 1934 

13 (a) Valassopoulo, A Bull et mem Soc med d hop de Pans 41 920, 
1917 (6) Dawson, B , Hume, W, and Bedson, S Bnt M J 2 345, 1917 
(c) Stokes, A , Ryle, J A , and Tytler, W H Lancet 1 142, 1917 
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remain in bed He continued in this condition for four days, when it was noticed 
that his skin was “yellow” and the urine dark red No attention was given to the 
character of the stools After the onset of the jaundice there were nausea and 
vomiting but no abdominal pain Se\ere hiccups developed and persisted for 
three days The family noticed that during all this time he appeared unusually 
weak and was unable to attend to even minor personal duties The patient con- 
tinued to fail rapidly and was sent to the hospital on the eighth day of his illness 

The family and the social history, except the patient’s trade, were of no 
significance 

The faniilj stated that the patient had never been sick since childhood and had 
not missed a day of work for over a year He had never received antisyphilitic 
therapy or other medication There was no lustorj'^ of the use of alcohol 

On admission the temperature was 99 F , the pulse rate 100 per minute and 
the respiratory rate 34 Examination revealed a markedly jaundiced man with 
dull senses, who was severelv prostrated and able to utter only a few" unintelligeiit 
words He hiccuped persistently There W'as no stiffness of the neck The 
sclerae and skin were intensely icteric and the coiijunctivae nioderatelj" injected 
The pupils w"ere small and regular in shape and reacted sluggishly to light A 
slight herpetic eruption was present on the lips The tongue was dry and cracked, 
and there was much dried blood on the dorsum and about the lips The gingival 
margins w'ere soft and bled on slight trauma No injection of the blood vessels 
of the pharynx was noticed There was no evident adenopathv Auscultation of 
the chest revealed nothing abnormal except a few scattered moist rales The 
heart sounds were rapid and of poor quality, but of regular rhythm On per- 
cussion the borders of the heart seemed within normal limits The blood pressure 
was 120 mm of mercury systolic and 50 mm diastolic The pulse was regular 
but of poor volume The abdomen was distended On percussion the liver seemed 
enlarged, but owing to the distention it could not be satisfactorily palpated The 
spleen was not palpable The genitalia were normal Swelling and tenderness 
were marked m the muscles of the right thigh and less evident m other groups 
of muscles The tendon reflexes were present but sluggish No pathologic 
reflexes were elicited An examination of the rectum gave negative results 

The urine was concentrated and bile-stamed and contained albumin and granu- 
lar casts The white blood cell count was 28,750 per cubic millimeter, w'hile the 
red cell count was 3,130,000 The hemoglobin reading was 68 per cent on the 
Sahli scale A stained blood smear revealed a differentfal count of 95 per cent 
polymorphonuclear leukocytes and 5 per cent lymphocytes 

The report of the chemical analysis of the blood was as follows nonprotein 
nitrogen, 200 mg per hundred cubic centimeters , sugar, 55 mg , total protein, 
4 4 Gm , with an albumin-globulin ratio of 31 69 , cholesterol, 90 mg , calcium, 
10 mg, and phosphorus, 13 6 mg One culture of the blood resulted in a growth 
of Staphylococcus aureus The stool was liquid and pale tan and gave a strongly 
positive reaction to the benzidine test for occult blood The Wassermann reaction 
was negative on two occasions 

The patient lapsed into coma shortly after admission He received 1,500 cc 
of a physiologic solution of sodium chloride by hypodermoclysis, 100 cc of a 
50 per cent solution of dextrose and an ampule of calcium gluconate intravenously 
caffeine and an enema 

The respirations became of the Cheyne-Stokes type and the pulse thready The 
chest began to show many scattered moist rales, and the pupils were dilated 
The temperature rose to 100 5 F Death occurred at 9 a m on June 1, 1934, 
after sixteen hours of hospitalization An autopsy was performed 
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Maaoscopic Exavunatwu — The body ^vas that of a well developed, well nour- 
ished white man with generalwed jaundice (the skin was “bright orange-yellow”) 
Peritoneal Cavity About 20 cc of clear orange-brown fluid was present 
Pleural Cavity A few fibrous adhesions bound the upper lobe of the left 
lung to the anterolateral portion of the parietal pleura 
Heart The heart weighed 340 Gm and appeared normal 
Lungs The lungs weighed 750 and 730 Gm , respectn ely, and were congested 
and edematous, yielding a thin, pale red fluid on pressure The trachea and 
bronchi were normal 

Spleen The spleen weighed 120 Gm and was somewhat soft 
Liver The liver weighed 2,100 Gm and was smooth, greenish brown and 
of average firmness The cut surface was brownish gray The gallbladder and 
bile ducts were normal 

Kidneys The kidneys weighed 320 and 210 Gm , respectively The capsule 
stripped easily from a smooth surface devoid of hemorrhages The cortev was 
8 mm in thickness and was greenish brown throughout The pyramids were 
congested and the pelves normal 

Stomach Marked generalized congestion of the gastric mucosa was present 
Ileum Small hemorrhagic areas were noted in the mucosa of the lower part 
of the ileum 

Esophagus The mucosa of the greater portion was dark red and soft and 
presented a “chewed-up” appearance Fhcre was a shghtlv greenish cast in places 
Gastrocnemius Muscle The muscle w’as a uniform red 
Aorta Slight atheroma was noted 

Brain The weight was 1,460 Gm The pia-arachnoid was fainth jellow 
The adrenals, pancreas, bladder, ureters, genital organs and -vertebral marrow 
were normal 

A culture of blood from the heart produced no growth No eiidence of 
septicemia was found The antemortem finding of Stapln lococcus aureus was 
attributed to contamination 

Mtooscopic Examination — Heart Rarely, a single muscle fiber was vacuo- 
lated or broken up into longitudinal hj aline strands with loss of striations and 
was strikingly infiltrated with mononuclear cells (histiocjtes) and leukocytes 
An occasional group of plasma cells adjoining a venule was noted Occasional 
slight scarring, chiefly in the neighboring vessels, was present 

Lung Small patches of fresh hemorrhage into the alveoli w’ere noted The 
walls were crowded wuth polymorphonuclear leukocytes, W’hich w'ere present m 
moderate numbers in the bronchial walls Mononuclears containing carbon were 
fairly numerous 

Spleen No hemosiderin or appreciable phagocytosis of red cells was apparent 
There was increase of the plasma cells and, to a slight degree, of the poly- 
morphonuclear leukocytes Small deposits of neutral fat were noted m the reticu- 
lar cells of the malpighian corpuscles 

Liver There was no biliary stasis Occasional small droplets of bile were 
observed in cells in the center of the lobule The nuclei were often swollen 
Bmucleate cells were common Many mitoses, multiple in a few instances, were 
noted There was dense lymphocytic infiltration of some of the portal spaces 
without relation to the small bile ducts The Kupffer cells often contained bile 
pigment and occasionally a small droplet of fat Practically no fat w'as present 
in the hepatic cells The pensmusoidal lymph spaces were usuallj w'lde and clearly 
defined 
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Pancreas Inspissated secretion and occasional polj'morphonuclear leukocytes 
were observed in the dilated acini in scattered areas Necrosis occurred in the 
center of one lobule, with sparse infiltration of the stroma by polymorphonuclear 
leukocytes 

Kidney Marked interstitial infiltration, for the most part in the medulla, 
both diffuse and in foci, was chiefly of plasma cells, with occasional eosinophils, 
polymorphonuclear leukocytes or mononuclear cells Two well developed follicles 
of small lymphocytes were noted The tubules in this region contained consider- 
able cellular debris and red granular material and occasionally a few polymorpho- 
nuclear leukocytes or mononuclear cells filled with dark bile pigment Some 
tubules were much dilated, with evidence of regeneration of epithelium Perhaps 
a fourth of the convoluted tubules showed swelling of the epithelium with nar- 
rowing of the lumen A negligible amount of fat was present, but only m 
extremely finely divided form Ihe glomeruli were normal 



Fig 1 — Photomicrograph of gastrocnemius muscle, showing the characteristic 
selective involvement of fibers and the marked vacuolation of one 

Adrenals The cortical cells appeared depleted of hpoid droplets, but a stain 
for fat showed a fair amount present in finely divided form 

Vertebral Marrow The marrow of the vertebrae was normal No hemo- 
siderin or increased phagocytosis of the red cells was noted Megakaryocytes were 
numerous 

Esophagus A massue exudate of blood, polymorphonuclear leukocytes and 
fibrin into and beneath the squamous epithelium was observed In places the cells 
were lifted up and teased apart as though by fluid Masses of cocci and other 
organisms occurred at the surface The submucosa was edematous , the outer part 
was infiltrated and the vessels were crowded with polymorphonuclear cells Sev- 
eral large isolated foci of lymphocytes were noted in the deeper portion 

Gastrocnemius Muscle (fig 1) Necrosis of one or two or three adjoining 
fibers and local accumulation of mononuclear and plasma cells and occasional poly- 
morphonuclear leukocytes were noted The degenerated fiber was broken up into 
a few large, round hyaline masses, with slightly basophilic multinucleate remnants 
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of sarcolemma, often triangular, between them or at one side Marked vacuola- 
tion of fibers at the margin of the area of degeneration was present 

Stomach, Brain and Choroid Plexus The results of examination were nega- 
tive Levaditi stains were made of tissue from the kidney, liver, spleen, gastrocne- 
mius muscle and lung Spirochetes nere seen onlv in the convoluted tubules of 
the kidney From about six to a dozen organisms were present in a tubule, but 
only in three or four tubules in a section A few appeared to be just within the 
cytoplasm of the epithelial cells, but there was no corresponding local reaction 
or necrosis (fig 2) 

A few suggestive forms were present m the muscle, occurring smgh in the 
stroma or as groups of irregular rods (as though fragmented) within degen- 
erating fibers None were m or near the vacuoles 

Diagnosis The final diagnosis in this case was established post mortem bj 
the characteristic appearance of the liver, kidnev and gastrocnemius muscle and 



Fig 2 — Spirochete in a tubule of the kidney Two others he at the left, appar- 
ently within the epithelium Levaditi stain, oil immersion lens 

by demonstration of the spirochetes in the kidney Inoculation of a gumea-pig 
and culture of the organisms unfortunatel 3 ' were not done 

Epidcimological Snivey — The patient was employed as fish cutter at a local 
plant known to be infested with rats The fish (chiefly haddock and small cod) 
were brought in and the refuse remov'ed on wooden conveyers The cutting and 
filleting were done at fairly clean, but necessarily slimy, wooden benches The 
floor of concrete was poorlj^ drained and covered with dirty water and slime 
The men wore rubber boots and gloves but were subject to cracks and slight 
cuts on the hands The room was cleaned regularlj^ once a week 

No cases of a similar nature could be recalled by any of the employees inter- 
viewed, and the physician who had charge of patients from this companj^ and 
similar companies, as well as of many sewer vvmrkers and longshoremen, had no 
record of a similar case Since this company doctor cared only for traumatic 
disabilities his statement meant little Systemic disorders were treated by the 
personal phjsician of the employee The living premises of the patient were not 
unusual No other cases were reported either in the family or in the neighborhood 
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The following pioceduies aie advised m autopsies in suspected cases 

1 Examination by daik field of fresh scrapings fioni the kidney 

2 Histologic examination of (a) the skin (to check furthei the 
obseivations of Pick^^), {b) the diaphragm, in cases m which hiccup 
was prominent, (c) the muscles of the eye if pain behind the eyes was a 
prominent feature (d) the tonsils, pharynx, esophagus oi other possible 
poits of entry showing signs of inflammation and (e) lymph nodes in 
the coi responding legion which are enlarged 

3 Fixation of all tissues to be examined for spirochetes in a solution 
of formaldehyde which is the piopei fixative when the Levaditi stain 
IS to be made 

THE INFECTING ORGANISM 

Leptospira icteiohaemoirhagiae is a tine spiiochete, with a cential 
axial filament^'’ It is from 6 to 15 microns long and appi oximately 
0 2 micron wide, tending to be smaller in human subjects than in guinea- 
pigs Fine, tightly wound spiials enclose the axial filament in the 
stiffer middle part and are prolonged beyond it into straight, cuived 
or hook-shaped ends, which are of greater mobility 

The organism is rapidly motile and moves in a straight line by 
spinning vigorously on its axis, one end being curved and peihaps 
acting as a propeller while the middle part and the othei end remain 
straight Motion is in the direction of the straight end Division 
takes place by longitudinal fission It differs fiom the treponemes in 
being insoluble in a 10 per cent solution of saponin Specific anti- 
serum or a solution of sodium taurocholate produces lysis piogressing 
from the ends toward the middle portion 

EPIDEMIOLOGY 

Nonpathogenic sapiophytic spirochetes morphologically similar to 
that of Weil’s disease occur in natural waters all over the world They 
were first described in 1914 by Wolbach and Binger,^^ who discovered 
them in stagnant water obtained from a pond near Boston They have 
since been found in mud of lakes and rivers, in gai den soil, among decayed 
leaves, in puddles, surface-water and ditch-watei, in sewers and 
reservoirs, in salt springs and sea water and in the tap water of many 
European cities, as well as m 87 5 per cent of samples of municipal 

14 Pick, L Berl klin Wchnschr 54 451 and 481, 1917 

15 Uhlenhuth, P , and Fromme, W Weilsche Krankheit, in Kolle, W , 
Kraus, R , and Uhlenhuth, P Handbuch der pathogenen Mikroorgaiiismen, Jena, 
Gustav Fischer, 1930, vol 7, pt 1, p 487 

16 Noguchi, H J Exper kled 27 609, 1918 

17 Wolbach, S , and Binger, L J M Research 30 23, 1914 
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dunking water from foity-seven cities in the New England area 
These water spiiochetes have all come to be lefeired to under the 
common specific name Leptospiia biflexa Actually, the group is com- 
posed of a great numbei of stiains of close serologic relationship^” 
In addition to Leptospira (propeily Spirochaeta) ictei ohaemorrhagiae of 
Wed’s disease pathogenic stiains include (1) Leptospira hebdomadis, 
the causative organism of akiyami oi seven day fever m Japan, (2) 
Leptospira gi ippo-typhosa which causes the swamp feAer of eastern 
Europe, and (3) Leptospiia canicola wdnch pioduces a disoider m dogs 
leseinbling Wed’s disease 

Wed’s disease itself has been reported from all over the world, and 
Schuffner detei mined the appioxiinate seiologic identity of original 
strains from the Netherlands, Berlin, London, Pans, Japan, the East 
Indies, Lisbon Hamliurg and New York (the stiains of Noguchi) 
Seiums from Greece, Copenhagen and the Belgian Congo also cor- 
responded, an obseivation leading to the conclusion that a universal 
specificity exists 

The viiulent Wed strain has nevei been found except in places 
accessible to oi infested by wild lats These animals cairy the organ- 
isms m the tubules of the kidney excieting them m the mine and thus 
inoculating w'ater, sod oi food wnth wdnch they come m contact Rats 
from all ovei the w'orld have been examined, and the spiiochete w'as 
found to be piesent m loughly 10 pei cent 

The follownng percentages foi ficquency of infestation among the 
rats examined in Ameiican cities W'eie determined Chicago, 3, Balti- 
inoie, 7 and 52, Washington, 10, Nashville, 10. and New York 17 and 
22^® In the Netherlands 45 pei cent of adult lats but onl} 3 per 
cent of young ones, earned the spirochete^” Both Norw^egian and black 
lats, as w'^ell as mice, aie implicated They presumably pick up the 
spirochete by eating infected material Feeding expeiiments have showm 
in a few instances that they can be infected by this loute Rat-to-rat 
infection may occur m cages-” Men have been infected b}’’ lat bite 
m at least 2 instances 

Dogs may act as vectois, sjnee they are subject to infection by the 
true Wed strain as well as by L canicola No case of human infection 
from a dog due to a human strain has been lepoited How'ever, 
Schuflfner w^as able to isolate L canicola from the blood of a man 
sufiering from an infection lesembhng Wed’s disease, and he definitely 
proved that this stiain could produce in man a disease simulating true 

18 Dimitroff, V T J Infect Dis 40 508, 1927 

19 Uhlenhuth, P, and Zuelzer, M Klin Wchnschr 1 2124, 1922 Baermann, 
G, and Zuelzer, M Zentralbl f Bakt (Abt 1) 105 345, 1928 

20 Uhlenhuth, P Munchen med Wchnschr 77 2047 and 2098, 1930 

21 Ido, Y , Hoki, R , Ito, H , and Warn, H J Exper Med 26 341, 1917 
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Weil’s disease Ceitain flies (Haematopota and Stomoxys), lice and 
hoise-leeches have been sho\Yn capable of tiansmitting the infection 
expel iinentally but ave thought to be of no importance undei natuial 
conditions^'' Nonviiulent spiiochetes weie found m the urine of 2 
persons exposed to patients with Weil’s disease and their excieta," but 
there is little evidence that man may act as a earner 

Dissemination by watei occurred in a unique epidemic in Lisbon in 
1931 Dunking uater obtained at a public fountain was lesponsible 
Rat feces were found in the undergiound aqueduct 

Among the places in which human beings have conti acted the dis- 
ease are damp mines, i ice-fields flooded with fecally contaminated 
water, seweis, canals, diainage ditches, stagnant moats, trenches (in 
war tune), garbage pits, piggeries, biewenes, slaughter-houses, moist 
soil or water containing decaying matter and public baths, where the 
hazard from rats is great and the water but slowly changed Alkalinity of 
the soil or water is favorable to the organisms , salinity is unfavorable 
Whether oi not virulent leptospiias may occur in regions free 
from rats (if such places exist) remains to be determined Buchanan 
recovered them from the roof slime of a mine in a situation which 
appeared inaccessible to rats, but other parts of the mine were 
infested Whether oi not the common saprophytic form can undei go 
mutation or acquire increased viiulence m the presence of abundant 
deca}ing matter or in the animal kidney is a question Such an apparent 
transformation of a nonpathogenic strain into a virulent form took 
place during prolonged cultivation on seium medium and, in another 
instance, by repeated passage through guinea-pigs Foi all pm poses, 
however, one may say No rats, no virulence 

Incidence — Extensive epidemics of jcuindice occuired among 
Napoleon’s soldiers m Egypt, during the American Civil War and in 
the Boer wai It is not determinable whether these cases represent 
instances of infectious jaundice or instances of Weil’s disease After 
the discovery of the causative organism, A^eiified cases of Weil’s dis- 
ease were reported during the World Wai on the Italian fiont and in 
the British, German and French armies 

In recent years its occurrence has been chiefly among (1) persons 
working in infested places as pieviously enumeiated, i e , miners, sewei 
workers, slaughter-house workers, butchers, sluice or dram cleaners, 
bargemen and fishermen, (2) persons uho have fallen into polluted 
waters accidentally oi with suicidal intent and (3) bathers and swim- 

22 Frugont, C, and Capellani, S Riforma med 33 439, 1917, quoted bv 
Uhlenhuth and Fromme 

23 Jorge, R Bull Office mternat d’hyg pub 24 88, 1932 

24 Buchanan, G Spirocbaetal Jaundice, Medical Research Council, Spec 
Rep Ser no 113, London, His Majesty’s Stationery Office, 1927 
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iners Between 1924 and 1933 in the Nethei lands theie ^^ele 452 
cases, the incidence vaiying fiom 22 to 56 foi every 400,000 in the thiee 
more densely populated coastal piovmces^® In the city of Dordiecht 
30 cases were traced to occupational ciicumstances, 44 to “\\atei 
accidents” and 128 to bathing and swimming The incidence of cases 
due to water accidents (1 case foi every 75 accidents) nas notably 
greatei than the highest figuie found foi any bathing place (about 
1 for every 4,200 baths) The greatest pievalence of infection nas in 
the late summei (fiom July to October), but cases occuiied in all months 
of the yeai Statistics foi othei countries, wheie laboratory tests 
for aid in diagnosis were commonly made, are similar 

Po)t of Eiifiy of Oigamsm — Guinea-pigs have been infected by 
rubbing the spirochetes into the skm - Pigs with slightly scarified skin 
acquired the disease on being made to swim m watei fiom heavily infected 
ditches Definite infection through cuts and needle pricks has been 
occasionally repoi ted It is probable that a considerable number of 
human infections through the skm have occuned among barefooted 
workeis m rice-fields, bathers, butcheis and sewei \\orkers with ciacks 
cuts or sciatches on the feet, hands oi elsewheie Local enlargement 
of the lymph nodes in certain cases favors this view *' 

Infection pei os has been accomplished expei imentally by a few 
investigators in both lats and guinea-pigs, although most attempts have 
been unsuccessful The acid of the stomach and the bile in the 
duodenum exeit a lethal eflect on the organisms,^^ and the buccal and 
the pharyngeal mucosa appeal a more probable port of entr) than 
the gastro-intestinal tract, although Inada favored the lattei i oute - The 
greater frequency among victims of watei accidents as compaied with 
that among batheis has been attiibiited to unintentional sn allowing oi 
inhaling of water by the foimei persons^® The epidemic in Lisbon 
arising fiom drinking watei is the outstanding example of infection 
by the oral loute,-® and certainly m the majority of situations comey- 
ance of infected mateiial to the mouth by the hands would be difficult 
to rule out 

Accidental laboratoiy infection occuned m 2 woikeis who w^eie 
sprayed in the eyes, 1 w ith highly infected guinea-pig blood and 
the other with a pure cultuie of a virulent strain of Leptospiia Maiked 
injection of the conjunctival vessels is a regulai and eail} simptom 

25 Appelman, J M Het isoleeren van Leptospira icterohaemorrhagiae uit 
water, Leyden, N V Leidsche Drukkerij, Morschsingel, 1954, abstr , Trop Dis 
Bull 31 514, 1934 

26 Wadsworth and associates ^ Schuff ner 

27 Drew, J G Bnt M J 2 1142, 1934 Inada and others ^ 

28 Goebel, W Aled Khn 12 381 1916 
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in both men and animals, but it has nothing to do with the primaiy 
site of infection 

Theie has been 1 case of alleged transmission fiom husband to 
wife by cohabitation 

Exaction — In the guinea-pig spirochetes are excieted in laige 
numbers in the mine, bile and bronchial secretions In human patients 
they aie excreted in the mine, they have also been leported in the 
feces ‘ and in isolated instances m the sputum - and vomitus Then 
presence in blood from menstruation oi epistaxis is to be expected 
Supposed infection fiom the mine has been observed in only 1 instance 

Peuod of Incubation — According to Inada, the period of incubation 
IS from five to seven days In 37 cases of infection due to water 
accidents in which the interval was accurately fixed Schuffner found it to 
vary between four and nineteen days, usually from seven to thirteen 
days, with an average of 10 3 days 

Picvention — Obvious measures include elimination of rats, leinoval 
of decaying mattei and sources of pollution of water and chlorination of 
the water supply Inada was able to reduce substantially the incidence 
in the coal mines by pumping out the watei He recommended drainage 
and application of lime to infected soil Eminently successful results 
m the rice-fields were obtained by Tohyama He found calcium 
cyanamide to be the only substance which would kill the spiiochete 
and at the same time feitilize the rice, he determined that application 
of the equivalent of 417 pounds (1,8915 Gm ) per acre (4,046 87 
square meters) provided a sufficient concentration to accomplish the 
former result 

Persons coming into contact with patients should be advised of 
the possibility of contagion All dejecta must be carefully removed and 
destioyed The urine of a convalescent patient may be examined aftei 
forty days to determine whethei he has become a carrier 

P) ophylaxis — Active immunization by means of vaccination has 
stiikingly lowered the incidence in many instances In certain legions 
of Japan there were but 5 cases pei month wheie theie had been 
from 15 to 30 before®" Warn vaccinated 10,368 peisons in six coal 
mines, with a resulting morbidity rate of 0 12 pei cent, oi less than 
one-ninth that among unvaccmated persons m anothei mine Baei - 
mann found no cases among 80 vaccinated men, although they continued 

29 Doeleman, quoted by Schuffner lo 

30 Clement, P , and Fiessmger, N Bull et mem Soc med d hop de Pans 
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31 Tohyama, Y Japan M World 4 193, 1924 

32 Inada, R Japan M World 2 189, 1922 
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to woik in an infected district According to Noguchi, the laccine 
to be effective should contain 200,000,000 organisms pei cubic centi- 
metei Inada used organisms grown on Noguchi’s medium and ^^as 
able to immunize guinea-pigs with 0 01 cc Baermann used a mixtui e of 
about 116 strains, the organisms were killed by heating to 65 C and 
a 05 pei cent solution of phenol \\as added Wain gave doses of 2 
and of 3 cc subcutaneously one week apait He was able to demon- 
strate spii ocheticidal pioperties of the blood as late as nineteen months 
aftei vaccination Baeimann used a single dose of 5 cc intramuscularh 
01 doses of 1 and 2 cc from five to eight days apart 

Because of the rarity of the disease in this country active immuni- 
zation on a laige scale would not be piacticable It is strongl} advised, 
howeiei, foi pei sons in certain occupations, including sewer workeis 
and bacteiiologists known to be exposed to infection 

Immunity — Although hens and frogs possess antispn ochetal sub- 
stances 111 then blood, theie is no natuial immunit}'- in man A power- 
ful actne immunit}, however, is acquired by an attack of the disease 
Only 1 case of a second attack in the same person has ever been 
reported This immunity is at least partly due to antibodies a\ Inch 
appeal m the blood between the seventh and the fifteenth day of 
illness ““ They attain then highest concenti ation duiing convalescence 
and may persist for many yeais Postmus found these antibodies 
well de^ eloped even after eight years oi longei In 1 person they weie 
present after twenty-two years In a patient receiving serum dining 
an attack the lesulting immunity may be lowei than that of untreated 
patients Schuffnei cited the case of a treated patient the titer of 
whose serum was 1 3,000, whereas without serum treatment the titei 
IS commonly 1 30,000 

Passne immunity is successfully confeiied by administi ation of 
either convalescent serum oi immune hoise serum Inada and his 
associates ““ were able to protect guinea-pigs with sei um from con- 
valescent patients oi fiom immunized goats They also immunized 
horses, and with antiseium given to patients admitted befoie the seventh 
day of the disease they were able to i educe the moitality late in then 
severest cases from 57 1 to 38 5 pei cent Of 21 patients under the 

34 Baermann, G, and Smits, E Zentralbl f Bakt (Abt 1) 105 368, 192S 

35 (a) Baermann, G Die kurzfnstigen Spirochatenfieber, in Kolle, W , 
Kraus, R, and Uhlenhuth, P Handbuch der pathogenen Mikroorgamsinen Jena, 
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age of 40 only 1 died A lapid disappeaiance of spnochetes fiom the 
blood was obseived 

MORBID ANATOMY 

The clinical effects of this disease are those of a seveie geneialized 
infection of the blood stieam The early extieme prostration is per- 
haps the most striking manifestation Accompanying organic changes 
are somewhat variable and may be lelatively slight 

The usual observations at autopsy are geneialized jaundice and 
lesions characteristically involving the following structures (1) capil- 
laries, (2) liver, (3) kidneys and (4) skeletal muscle 

1 Damage to the capillaries is manifested by minute hemoiihages 
generally distributed m the body They are most common undei the 
peritoneum and pleura and m the gastro-mtestmal tract kidneys, 
adrenals, nasal mucosa and skin They may also occur beneath the 
endocardium or pericaidium, under the capsule or within the portal 
spaces of the liver, m the mesentery, spleen or pancieas, beneath the 
mucosa of the larynx and trachea, in the lungs and m the mucosa of the 
bladder 

The biain may contain pea-sized hemorrhages or the tentorium 
and dura may be involved Miller noted hemorihages in the tibial 
nerve 

These hemorrhages aie consideied to be the result of a local toxic 
effect of the spirochete on the v^all of the vessel Diapedesis of led 
cells through the unbroken wall was observed m the lung by Beitzke 
Hemorrhages are of considerable importance in the seveier cases, 
accounting foi the epistaxis, hematuiia, hematemesis, melena, hemoptysis 
or purpura which is sometimes present Death may even result fioin 
gastio-intestinal hemorrhage 

2 The liver may appeal normal on gross examination It is com- 
monly slightly enlarged and often bile-stamed,'*^ never shrunken as in 
acute yellow atrophy Obstiuction of intrahepatic oi extrahepatic bile 
ducts is lacking (Plugs of mucus and epithelium in the lowei end of the 
common duct have been desciibed only m rare instances *-) 

Microscopically, two significant changes occur with fan regularity 
proliferation of hepatic cells and traces of biliary stasis in the central 
pait of the lobule The hepatic cells show active division, which may 
be predominantly amitotic*® The nuclei aie often swollen, and there 

39 Miller, J W Munchen ined Wchnschr 64 1572, 1917 
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aie sometimes two oi thiee m a cell Mitoses may be frequent, how- 
ever Cloudy sw^ellmg, loosening oi dissociation of the cells as though 
from edema and widening of the pei ismusoidal lymph spaces have been 
described Fatty infiltiation is absent oi slight Retained bile usually 
occuis in small amount centrally in the lobule wnthin a few bile capil- 
laries or as small dioplets or granules in the cytoplasm of the cells, 
theie IS none in the periphery of the lobule nor is there evidence of 
stasis in the interlobulai or largei bile ducts 

Othei changes include sw^elhng and homogeneization of the chion- 
dnome,'*® deposition of fat m the Kupftei cells, infiltration of the portal 
spaces by lymphocytes and a few^ pol} moi phonuclear leukocytes or 
eosinophils 

In some cases the liver has show n \ ar) mg degrees of necrosis, usual!} 
slight and focal but occasionall)^ so extensive as to simulate that of 
acute yellow atiophy There is no maiked reduction m size, how^evei 
In 1 patient, dying on the tw^elfth day, the livei w^as giayish brown, wnth 
the centers of the lobules dark red, as seen on the cut sui face It weighed 
1,475 Gm^^ The diagnosis w^as confiimed by concomitant myositis 
Such conditions aie legarded simply as the result of an unusually 
severe infection 

How wull one account for the jaundice^ There aie tw'O explana- 
tions (fii) that sw^elling of the cells and edema (Beitzke’s "toxic 
edema”) produce mechanical obstruction by compression of the bile 
capillaries and (b) that the hepatic cells are so damaged by the spiio- 
chetal toxin that then bile-excreting function is crippled Piobably 
both factois are involved Their relative importance could be better 
estimated if tissue could be studied fiom the earliest da 3 's of the disease 
At all events, the stimulus which produced the rather uniform, diftuse 
regeneiation-hke appearance in the later stage may conceivably have 
arisen fiom an eaily generalized toxic influence insufficient to cause 
actual necrosis Excessive hemolysis is apparently not a feature 
Increased phagocytosis of red cells m the leticulo-endothelial s}’'steni is 
only inconstantly observed^® Fiagility of the led cells is not 
inci eased 

3 The kidneys are often enlarged and usually show (a) the green- 
ish-biown stain common to bile-saturated organs in any case of jaundice 
(&) swelling and more oi less marked neciosis of the epithelium of the 
convoluted tubules and (c) interstitial infiltration consisting chiefly of 
lymphocytes, with smaller numbers of polymorphonuclear leukocytes and 
eosinophils^® There may be small hemorihages under the capsule, into 
the interstitial tissue or into the tubules Granular and bile-contaming 
casts aie common Little fat is present The glomeruli are unchanged 

44 Bates, J E Canad M A J 16 1466, 1926 
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in most cases The damage is thus piedommantly m the tubules Accoi cl- 
ing to Pick, it IS toxic in origin and due to the spiiochetes, not to the 
bile 

Othei changes sometimes observed include swelling oi proliferation 
of the epithelium of Bowman’s capsule, descent formation, acute hemor- 
rhagic glomerulonephiitis,®'' acute nephiitis lesemblmg that of scarlet 
fever,^^ marked inteistitial infiltration by polymoiphonuclear leukocytes 
almost to the extent of abscess foimation^= and infiltration by great 
numbers of eosinophils 

The extent of the lenal injury is often bettei indicated by the 
clinical and laboratory findings than by the histologic structuie, as in 
the case reported in this paper 

4 The muscles most seveiely involved aie those of the calf Othei s, 
including the pectoial muscles, are similailv but less affected The 
gross appearance is usually normal,^* but theie may be punctate hemor- 
rhages 01 bile-stamed foci of degeneiation as large as from 4 to 5 mm 
m diametei 

As seen microscopically the process chaiacteristically selects isolated 
fibers and only part of the fiber, with moie extensive involvement 
adjacent fibers or even a whole field aie concerned There are vacuola- 
tion, swelling, loss of striatioiis, hyalinization, infiltration with histio- 
cytes, polymoi phonucleai leukocytes and plasma cells, breaking up of 
the substance of the fiber into laige, round lumps of hyaline material, 
resorption and proliferation of the nuclei of the sarcolemma Hemoi- 
ihage into the empty sheath has been observed 

The picture differs strongly from that of Zenker’s degeneiation, suth 
as occurs in typhoid fever The latter form may usually be detected 
macroscopicall}', involves chiefly the adductor and abdominal muscles, 
commonly gives rise to hematoma, affects all the fibers in large areas and 
causes swelling of the fibers without resorption and shrinkage 

The lungs are sometimes normal Congestion and edema may be 
marked The pleural surface may be strikingly spotted with henioi- 
rhages Confluent patches of hemorrhage in the parenchyma resemble 
infarcts There may be miliary pneumonic foci The accompanying 
bronchial secretion is sanguinopurulent®® The gioss appearance of the 
lung is more chai acteristic in the guinea-pig 

The heart may show scanty cellular mfiltiation around the small 
vessels or in the myocardial stroma In 1 case there were large aieas of 
degeneration of the muscle fibers of the type seen m skeletal muscle, 
1 e, vacuolation, breaking up into lumps and proliferation of the 
sarcolemma^® Fibrinous pericarditis was noted in 1 instance by Pick 

45 Hart, C Bed klin Wchnschr 54 285, 1917 
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Miller obseived a laige aiea of mfaict-Iike neciobis m the wall of the 
left ventricle with hemoiihage and local peiicarditis Dragert reported 
2 cases of vegetative endocaiditis and demonstrated the spirochete in 
the vegetation, which was on the inteiventiicular septum 2 cm helow 
the aoitic valve in 1 case and at one of the commissures of the valve 
in the othei 

The spleen is usually not enlaiged and is of model ately firm con- 
sistency Hemoirhages, deposits of hemosiderin and numhers of phago- 
C3des with ingested red cells are occasionally seen 

The gastric mucosa is commonly diffusely peppeied with petechial 
spots, serious hemoirhage ma}' aiise in this aiea or fiom points in 
the small or the large hovel The duodenal mucosa may he swollen 
and hluish red and the wall hemorrhagic Catai dial inflammation 
may occur m the duodenum and teiminal poition of the ileum 
Petechial spots undei the seiosa aie common throughout the tiact 
In 1 case of colitis, foci of hemoiihage and necrosis'*' were described 
How great a part is played liy tnemia m the production of these lesions 
has not been determined 

The pancreas was hemoiihagic throughout m 2 of Mayer’s cases, 
hemoirhages into the wall of the duodenum and the ampulla also were 
present^® Flabby consistency of the oigan and small size of the cells 
were noted, maiked edema vas noted in 1 case and toci of neciohiosis 
in another'**’ 

The adienals faiily constantly show hemoirhage In 1 case the 
whole oigan was invohed the hemoiihage appaiently starting in the 
medulla In anothei case the picture of total hemonhagic infarction 
was presented^® 

Lymph nodes were occasionally seen to he enlarged in the uppei 
part of the cervical region only, b}' several mvestigatoi s '**’ Swelling of 
local nodes was noted by Japanese mvestigatoi s m cases of infection 
supposedly thiough the skin 

In the tonsils Millei noted superficial acute inflammation with 
foimation of vesicles in the legion of the crypts, sometimes spread- 
ing to surrounding structuies This condition was present in 4 of 7 
of his cases but has not been obseived by other investigators 

The pharynx was the site of acute fibrinous inflammation in 2 
cases**'* In another instance the phaiyngeal muscle vas seveiel) 

47 Dragert, E Virchows Aich f path Anat 292 452, 1934 
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damaged The common occurience of dj’Sphagia suggests a greatei 
fiequency of lesions m this region 

The bone man ow is unchanged 

The skin eithei in the presence oi in the absence of lash, shows 
cellular infiltiation around the aiteiioles and capillaiies of the cutis, 
following them into the papillae Lymphocytes and plasma cells but 
few polymorphonucleai leukocytes are present , m the epidermis wandei - 
mg polymorphonuclear leukocytes or nests of them may occui beneath 
the homy layei These obseivations aie not constant, however 

Spirochetes aie distiibuted in the blood to every pait of the body 
They have been oliserved in all the oigans as well as the walls of 
arteries, muscles, lymph nodes, nervous system and internal eai 
Wheieas in the gumea-pig they are extraordinarily abundant m the 
oigans at the time of death, in man they are usually scaice Besides 
the hvei and kidneys, the organs and tissues show the spirochetes in the 
following Older of frequency adrenals, myocaidium, intestinal wall, 
appendix, pancreas, prostate, lung, spleen, lymph nodes, skeletal muscle 
and wall of the bladder In the liver they may be seen in the 
interstitial tissue and the Kupffer cells, and in the latei stages chiefly 
within the hepatic cells Then scaicity may be indicated by the lesult 
of one investigation in which long and exhaustive search yielded only 1 
organism m sections of the liver taken from 5 patients and only 2 
spiiochetes in sections of muscle fiom 2 patients In the kidney, 
on the othei hand, they occur with consideiable regulaiity in the lumen 
or within the epithelium of the convoluted tubules and persist there after 
then disappearance from all the other oigans 

A considerable variety of incidental conditions have been obseived 
111 cases of Weil’s disease Many of them appear irrelevant Othei 
complications, such as tonsillitis, bronchitis, pharyngitis, esophagitis oi 
catarrhal enteiitis, might conceivably have something to do with the 
original poit of entry of the spiiochetes It is more likely, howevei, 
that these inflammatory conditions are purely secondary lesions with 
more or less marked superimposed bacterial infection Demonstration 
of the pi unary point of penetration in the absence of trauma remains a 
challenge to the pathologist 

CLINICAL PICTURL 

The lecogmzed concept of Weil’s disease in foieign countries has 
been well described by Valassopoulo,^'*'" Dawson,’^®’^ Inada,*^® Uhlenhuth,'^^ 
Schuftnei *** and many other investigatois It has been customary to 
divide the disease into three stages, each with its chai acteristic features 
111 regal d to the behavior of the spiiochetes in the blood, the anti- 

52 Kaneko, R, and Okuda, K J Exper Med 26 325, 1917 
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bodies and the excietion of the oigamsms ni the mine, as well as m 
lespect to ceitam clinical signs and symptoms A knowledge of these 
featuies is essential if one wishes to apply correctly the various diagnostic 
procedures It is important to lemembei that m from 10 to 20 pei 
cent of the cases the disease is so mild that the patient is haidly 
forced to bed Befoie the use of laboratory tests as a routine these 
mild cases were nevei lecognized as instances of Wed’s disease 

Fust 01 Feb) lie Stage — This stage is chaiacteiized by fiee cir- 
culation of spirochetes m the penpheral blood, lack of antibodies and 
absence of the organisms m the urine 

The disease is ushered m usually nith a severe chill, followed by 
sustained high fevei (102 to 104 F ) Then occur seveie headache 
(often with pain behind the eyes), musculai pains (usually in the legs 
and back) and marked piostiation In some of the se\eier cases the 
piostiation may be out of propoition to the rest of the s}mptoms 
and dominate the clinical picture Symptoms lefeiable to the gastro- 
intestinal tiact may include anoiexia, dysphagia, abdominal pain, nausea, 
vomiting and diairhea Occasionally there is cough or hiccup Herpes 
labiahs which becomes hemoi i hagic is usuall} pi esent V ar) mg cutaneous 
eiuptioiis have been leported Conjunctivitis is often stiikmg and has 
been commented on by numeious wiiteis as characteristic and impoitant 
Signs of meningeal iriitation occui if the spirochetes entei the ceiebio- 
spinal fluid The white cell count is elevated, but only lareh is it more 
than 20,000 pei cubic milhmetei This stage lasts from foui to seven 
days 

Second 01 Toxic Stage — (This teim has been substituted foi the 
usual name “icteric stage,” m oidei to conect the impiession that 
jaundice is a necessary featuie ) This stage is chaiactenzed by lack of 
spiiochetes in the blood, development of antibodies and excietion of 
man)'^ oigamsms in the urine Renal and hemon hagic tendencies may 
be mild or absent in the cases m which jaundice is not shonn 

Jaundice appeals in 50 per cent of the cases and giadtially deepens 
The icteiic index may leach 150 or moie A positive reaction to the 
diiect van den Bergh test is expected, because hepatitis is laigely 
lesponsible for the jaundice An important triad of physical signs, 
particularly m cases of jaundice, is enlargement of the hvei associated 
with absence of a palpable spleen and of generalized adenopath} In 
lare instances swelling of the lymph nodes draining the site of the 
portal of entry of the oiganism may occur Schuftnei stiessed the 
impoitant piognostic dictum that among the groups of patients with- 
out jaundice theie is piactically no mortality IMost of the symptoms 
of the first stage decrease in intensity, and the fevei falls by lysis 
Hemorrhagic diatheses appear m the majority of cases (being more 
severe vhen jaundice is pi esent) and may manifest themsehes as 
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petechiae, epistaxis. subconjunctival hemonhage, bleeding fiom the 
gums, hematuria, hemoptysis, melena or hematemesis The patient 
becomes weakei and the heait action more feeble Oliguria, with 
albumin, casts or red cells in the mine, is almost constantly present in 
the cases of moie seveie disease The nonprotem nitrogen content of 
the blood is usually elevated and in fatal cases may reach 200 mg pei 
hundred cubic centimeters Anuria is piesent in many fatal cases Death 
occurs 111 this stage and may be due to toxemia, caidiac insufficiency, 
renal failuie with uremia, pulmonaiy edema or hemorrhage The moi- 
tality late ranges from about 5 pei cent in Europe to as high as 50 pei 
cent in Japan The second stage lasts from seven to ten days 

Thud 0 } Convalescent Stage — ^This stage is chai acterized by the 
disappearance of spirochetes from the blood, their abundant excretion 
in the mine and complete development of antibodies in the blood 
The stage begins in the third week and is marked by gradual sub- 
sidence of all the earliei symptoms Anemia and marked emaciation 
are commonly seen m the cases of severe infection and may last foi 
months A second fever, known as ‘'after-fevei,” which lasts from 
four to twenty days, is seen m fiom about 25 to 40 pei cent of the 
cases and starts usually dining the third week of the disease This fevei 
ivas believed by Inada to be due to disintegrating toxins dm mg the 
height of serologic immunity, he based this opinion on the fact that 
at the time of the fevei there is no leturn of the piincipal symptoms 
and the blood is not infectious 

DIAGNOSIS BASED ON LABORATORY DATA 

The blood oi mine is examined according to the stage of the disease, 
it being lemembeied that the blood contains spirochetes during the fiist 
week only, oi occasionally as late as the ninth day, and that the uiine 
does not contain the organisms until about the tenth day, fiom uhich 
time they persist until as late as the thirtieth day They have also been 
found in the cerebrospinal fluid duiing the first, and occasionally during 
the second, week 

Because seium tieatment may be highly successful in the early 
stage and greatly diminished in effectiveness if delayed until the jaundice 
IS fully developed,®-* early diagnosis is desirable The patient may die 
during the time required foi the disease to develop in an inoculated 
guinea-pig Hence seaich foi the organisms in the blood should be made 
at once If this is unsuccessful, othei tests must be utilized 

Examination of the Blood by Daik Field — ^This method is larely 
successful with vhole blood Centiifugation of the blood thiee times 

54 Inada, R Ido, Y , Hoki, R , Ito, H, and Warn, H T Exper Med 
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according to the method of Blanchaid and Lefrou inci cases the 
chances of success, yet often fails It is difficult to thiow down the 
spirochetes even at high speed Good results may sometimes be obtained, 
however, simply by centiifugating at Ion speed sufficiently to piecipitate 
the led corpuscles and examining a thick layer of the supernatant 
plasma The spirochetes are said to be from ten to twenty times more 
readily detected by this means 

Examiuatiov of the Uiine by Doth Field — After the tenth da} 
this is often a successful method of diagnosis, but though the results 
are negative the evidence is not conclusne The sediment from 50 cc 
of fleshly loided uiine should be used 

Inoculation of Guinea-Pigs — This means is the most satisfactory 
and IS the usual method of establishing the diagnosis What the mouse 
IS to the pneumococcus, the guinea-pig is to the leptospira of Weil’s 
disease One injects mtrapei itoneall) from 3 to 5 cc of blood (more 
than this may kill the animal prematuiely) and 5 cc of cerebrospinal fluid 
or the sediment fiom 40 to 60 cc of fleshly ^Olded urine suspended m 
5 cc of a physiologic solution of sodium chloride 

Aftei a peiiod of incubation of six days oi moie there is a shaip 
use 111 teinpeiatuie As the peak is i cached jaundice appeals, and this 
IS followed 111 about tuenty-four houis b} a fall m temperatuie, collapse 
and death Neciopsy reveals (1) jaundice of the skin and all the 
inteinal surfaces, (2) petechial heinoiihages m the skin, m the muscles 
of the abdomen and thigh, under the peiitoneum and m the gastio- 
intestinal mucosa, (3) multiple small, shaiply defined hemorrhages m 
the lungs, especially tluough the lateial poition of the lower lobes, the 
spotted appeal ance of which suggests ‘the wing of a mottled but- 
teifiy ,” (4) acute congestion of the kidnejs with minute hemonhages, 

and (5) laige hemonhages in the adienals 

Spirochetes aie readily demonstrated in daik field or india ink 
pieparations of an emulsion of the liver and by unpxegnation of pieces 
of the kidney oi Iivei by the Levaditi method They may be culti- 
vated 01 lemoculated into othei guinea-pigs fiom the liver, kidne}", 
urine or blood from the heart Pigs maj^ become ill of the disease 
and then recovei The pigs which do not die should therefore be killed 
and examined aftei from seven to ten days Still earhei results may 
be obtained by examining the animal’s peiitoneal exudate removed 
from day to day with a capillary pipet 

55 Blanchard, M , and Lefrou, G Bull Soc path exot 15 699, 1922 
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Ciiltiae of the Patient’s Blood — ^In the eaily stage the blood may 
be cultured according to the method of Manteufel To each of seveial 
tubes containing from 3 to 10 cc of sterile distilled water fiom 2 to 3 
cc of the patient’s blood is added, and the tubes are incubated thiee or 
four days at from 25 to 30 C Examination by dark field in positive 
cases will then show spirochetes m at least one of three or four tubes 
The oiganisms will live in this medium for three oi four weeks 

Piepaiation of Cidtwe of the Spnochetes foi Stock Use — This is 
best accomplished, according to Uhlenhuth and Fiomme,^® b} using a 
liquid medium containing steiilized tap water and rabbit serum Each 
of the naiiow (1 cm ) tubes is filled with 2 5 cc of water and 0 2 cc of 
fresh serum, the mixtuie is then inactivated for one hour at 60 C 
After inoculation with an emulsion of liver, blood from the heait 
01 peritoneal exudate, paraffin is poured m, and the tqbes are incubated 
at fioin 30 to 35 C or less The reaction must be neutral or slightly 
alkaline (the optimum pn is 7 6, the maximum, 8 3) The use of haid 
natei or saline solution is unfavorable Growth begins in from tnenty- 
four to forty-eight hours and attains a maximum in from five to ten 
days Transplantation should be made of weakly growing strains every 
SIX days, with vigorous giowths, every three weeks will suffice The 
medium used at present in the Netherlands was described by Davidson 
A similar medium was successfully used by Korthof 

Agglutination Pioceduies — Agglutination of known organisms with 
the patient’s serum is not applicable as a diagnostic aid befoie fiom 
the sixth to the eighth day of the disease, at which time the antibodies 
first appear in the blood The test may be perfoimed with living oi 
killed cultures Details of the technic used in the Nethei lands weie 
well desciibed by Davidson^- Dilutions of serum of from 1 10 to 
1 100,000 are made, an equal volume of spirochetal emulsion is added, 
and examination is made by dark field after incubation foi three hours 
at 32 C 

The usual result with a serum giving a strongly positive leaction and 
living oiganisms is agglutination in dilutions as high as peihaps 1 300 
and lysis (but no evident agglutination) in the higher dilutions (pei- 
haps from 1 100 to 1 30,000) The use of a killed culture containing 
a 0 5 pel cent solution of foimaldehyde prevents lysis and permits 
agglutination in the highest dilution compatible with the strength of 
the seium (i e , 1 30,000) Theie is also less dangei in handling the 
culture 

57 Manteufel, P Deutsche med Wchnschr 47 461, 1921 
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Accoidmg to Baeiniann, " the titei on the fiist day on ^^hlch a 
positive lesult appears is alieady 1 100, it uses quickly in the next 
four to six da}^s to 1 1,200 and in the cotiise of the next ten to fourteen 
days to from 1 10 000 to 1 50,000 and highei The height of the titer 
IS independent of the severity of the illness, and the seiunis will almost 
always agglutinate at the same time other strains of Leptospira, often 
to an appreciably gi eater extent than the homologous one 

Dm mg the fiist fift} days after onset of the disease the agglutinating 
powei IS veiy high, and, m general, titeis beween 1 10,000 and 1 50,000 
(with an average of 1 34,000) are observed 1 he titer falls rapidh to 
about 1 700 dining the next fifty da}s and then declines gradually, 
avei aging 1 300 between the three hundredth and the nine hundiedth 
day The agglutinating power of the seium is entirely negative m about 
a third of the cases from the two hundredth da} on 

The agglutination test is useful in diagnosing cases m nhich prcMOus 
infection is suspected as well as those of the acute state of the disease, 
and it is important to reali7e that a positive reading m dilutions of the 
loAvei hundiedths dining an acute illness stimulating Weil’s disease 
may really be due to an old attack and may thus lead to false diagnosis 
Gaehtgens repoited an apparently false positive reading m a case of 
infection with the paratyphoid B bacillus which is peihaps to be 
explained on this basis °° A carefully detei mined history and failure 
of the titer to use should reveal the true situation 

Agglutination wnth the dog strain (L canicola) ma\ advantageously 
be attempted, as well as examination of the urine of any dog suspected 
of being a vector For specific agglutination of this kind Castellani’s 
absorption test wuth a culture treated with foimaldehyde is used 

The Pfeiffej Phenomenon — This test may be utilized for aid in 
diagnosis and foi approximate titration of the patient’s seium One 
cubic centimeter of an emulsion of spirochetes mixed with an equal 
amount of serum is injected mtrapeiitoneally into a guinea-pig w'^eighing 
200 Gm (or less), and the peritoneal fluid is examined by dark field aftei 
one and one-hainiouis The highest dilution of the serum wdiich wall 
still pioduce complete lysis of the oiganisms is subsequently detei mined 
Tests may be carried out similarly to find the smallest amount of serum 
wdiich will protect a guinea-pig from infection by 1 cc of cultuie given 
intraperitoneally (Inada found that 0 01 cc of the hoise seium wdiich 
he used wmuld accomplish this result and that it W'as as strong as con- 
valescent serum '^'’) Unprotected guinea-pigs used as controls die within 

60 Gaehtgens, W Klin Wchnschr 12 697, 1933 

61 Castellani, A , and Chalmers, A Manual of Tropical Medicine, ed 3, 
New York, William Wood & Company, 1919, p 1397 Schuffnerio 



JEGHERS ET AL— WEIL’S DISEASE 


469 


the usual time (fiom five to twelve days) The adequately piotected 
pigs survn e this peiiod, but some may die latei (from the fourteenth 
to the nineteenth day) 

Complement-Ftxahon Tett— This procedure, with antigen made 
fiom a cultuie of the spiiochetes, has been used with marked success 
by Gaehtgens With 70 unknown serums the results of the agglutina- 
tion and complement-fixation tests coincided perfectly, 29 giving positive 
leactions Highei titers weie obtained by agglutination tests, but comple- 
ment-fixation gave more clearcut negative readings in some cases in 
which agglutination was questionable in the lower dilutions The test 
may be of special value in early diagnosis The average titer in 5 cases 
on the seventh and eighth days of the disease was stiongly positive 
(1 300) The test also constitutes a valuable confirmatory check on the 
results of agglutination 

Pi ecipitahon Test — Hindle and White isolated a specific soluble 
substance from the spirochetes which m solution gave precipitation in 
dilutions of the antiserum of the homologous spirochete Details of this 
method have not to our knowledge been published 

Adhesion Tat — Recently this method of diagnosis was proposed 
by Blown,®® who stated that the reaction to this test was easier to read 
than the agglutination reaction and that the test could be performed 
more rapidly and was equally sensitive and specific The adhesion test 
is based on the principle that particles, such as bacteria or blood plate- 
lets, become adherent to the spiiochetes in the presence of immune 
serum The details of the technic are well described in the paper just 
mentioned The indications for its use are the same as those for the 
agglutination test 

COMMENT ON THE PRESENT CASE 

The clinical history, physical findings and laboratory data were 
typical of Weil’s disease The occupation (fish cutting) should in itself 
have aioused suspicion In consideration of the differential diagnosis 
Weil’s disease was mentioned as a raie possibility Unfortunately at 
that time the value of laboratory procedure was not appreciated, and a 
definite diagnosis was not made until after the necropsy It is even 
conceivable that had an immediate diagnosis been made and serum 
been available the patient might have been sav ed 

The record of the necropsy in our case is the first complete pathologic 
study of an uncomplicated case of Wed’s disease to be reported in this 

62 Ido, Y , Hoki, R , Ito, H , and Warn, H J Exper Med 24 471, 1916 

63 Hmdle, E , and White, P B , in discussion on Schuffner 

64 Lusena, M , and Cralmfanti, E Soc niternaz di microbiol Boll d 
ital 6 77, 1934 

65 Brown, H C Bnt M J 1 411, 1935 
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countr}^ The Ameucan hleiatuie contains the results of thiee earhei 
postmortem examinations jMcDowell limited his description to a few 
lines, while both of Ball’s ” cases were complicated by other diseases 

This pathologic study illustiates that lemaikably normal histologic 
conditions m the hvei aie possible in a patient dying as early as the end 
of the first week Absence of biliar}' stasis and lack of evidence of 
increased destiiiction of led cells in the spleen oi bone man on fail 
to thiow further light on the mechanism of the pioduction of jaundice 

The high content of nonpiotem nitiogen (200 mg ) in the blood of 
this patient was unusual nith so little appaient damage of the lenal 
paieiichyma, but the debus in the tubules was evidence of a not incon- 
siderable pieexistmg necrosis of epithelium Hepatitis may hare been 
lesponsible foi the low content of cholesterol found m the blood (90 
mg pel hundred cubic centimeteis) The high value foi phosphoius 
(13 6 mg) was checked by duplicate detei inination We aie unable 
to explain it 

Neciosis of ceitain isolated fibers in the heait is beliered to be a 
specific lesult of the spiiochetosis Acute esophagitis has not to oui 
knowledge been previously desciibed in this disease 

COMMENT ON THE AMERICAN CASES 

The available data on the leported Aineiican cases have been com- 
piled 111 two tables It can be readily seen that each case piesents 
a clinical pictuie which, m spite of minor vaiiations, resembles the 
classic Euiopean and Japanese types of the disease With 1 exception 
(the accidental infection of a woman technician), all the cases occuired 
111 men of middle age In no instance was there an obseived secondary 
case The onset of the disease occuired during any season of the yeai 
Occupations (not listed) weie of mteiest in that the group of patients 
included a sender rvorker, a meinbei of a swimming team, a cook, a 
laborei and a fish cutter Contact wnth lat-mfested buildings was men- 
tioned sereial times Also m 1 instance the disease developed aftei 
the patient had been soaked m lain-w^ater 

Jaundice and piostiation occuiied in all cases This association is 
interesting in view of the fact that ovei one half of the Euiopean cases 
occuiied wnthout jaundice, it piobably means that the nonicteiic cases 
aie not lecogmzed m this countiy Chills, fevei , headache, musculai pain, 
vomiting and hemorrhagic tendencies were almost constantly piesent 
Enlaigement of the livei and absence of palpable spleen and haiiph 
nodes were lathei constant physical signs Dysphagia, cough, hiccuji 
herpes, phaiyngitis and conjunctivitis w’^eie minoi signs and symptoms 
In 83 pel cent of the cases theie w'-ere chaiacteiistic findings m the 
vnine When lecoided, the nonprotem nitiogen content of the blood 
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was definitely elevated m all but 1 case, in which, cuiiously enough, no 
changes in the mine weie shown 

Weil’s disease being spiiochetal, the Wasseimann leaction might 
perhaps be expected to be influenced, but it was consistently negative 


Table 1—GenciaI Iiifonimtwu and Laboiatory Data vi Cases of Wcil’'; Disease 

Reported in the United States 






Month 



Haboratory Data 


Author Eeporting 
Case Case 

Age, 

Years 

Sex 

ui r- 

Occur Non 

rence protein / 

of Nitrogen, Albu 
Disease Mg min 

Urine 

Red 

Ceils 

Oasts 

Wnsser 

mann 

Reaction 

White 

Cell 

Count 

1 

Wadsworth 

? 

P 

Feb 

— 

0 

0 

0 

Negative 

+ 

2 

McDowell 

43 

M 

luly 

— 

+ 

+ 

+ 

Negative 

— 

3 

Sailer 

51 

M 

Aug 

— 


0 

0 

Negative 

— 

4 

Sailer 

44 

M 

Oct 

— 


+ 

+ 

— 

Normal 

5 

Hayman and Lj nch 

42 

JI 

Oct 

73 

+ 

0 

+ 

Negative 

10,300 

G 

Towlcr and Walker 

31 

M 

Dec 

83 

4* 

+ 

+ 

Negative 

19,000 

7 

Mulholland and Bray 

20 

M 

Feb 

— 

4* 

0 

4“ 

Negative 

14,200 

8 

Cushing 

35 

M 

Sept 

40 

+ 

0 

0 

Negative 

10,400 

9 

Cushing 

37 

M 

Oct 

30 

0 

0 

0 

Negative 

11,600 

10 

Ball 

51 

M 

Jan 

1C2 

+ 

+ 

+ 

Negative 

14,200 

11 

Bali 

42 

M 

Nov 

— 

4* 

0 

4- 

Negative 

9,000 

12 

Jeghers, Houghton 
and Poley 

38 

31 

May 

200 

+ 

0 

4* 

Negative 

28,750 


* In this table — indicates that data -ncrc not abailable, +, present or increased 


Table 2 — Chnical Signs and Synipfoms iv Cases of Weil’s Disease Repoitcd in 

the United \tates* 


Case Percentage 

— , of Positive 


Signs and Symptoms 

1 

2 

3 

4 

5 

V 

7 

8 

9 

10 

11 

12 

Findings 

Initial chiU 

? 

9 

+ 

+ 

+ 


0 

4- 

4- 

9 

4- 

4- 

63 

Fever 

+ 

+ 

+ 

+ 


% 

4- 

+ 

4- 

4- 

4- 

4- 

91 

Headache 

0 

0 

+ 

+ 

+ 

4- 

4- 

4- 

? 

? 

4- 

65 

Muscular pains 

1 

4" 

+ 

+ 

+ 

4- 

4" 

4" 

4- 

? 

7 

4- 

74 

Prostration 

+ 

+ 

+ 

+ 

"i~ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

100 

Conjunctivitis 

0 

0 

0 

+ 

0 

4* 

0 

0 

0 

0 

0 

4- 

25 

Injection of pharynx 

0 

0 

0 

0 


4* 

4- 

0 

0 

0 

0 

0 

25 

Herpes 

0 

0 

0 

0 

+ 

0 

0 

4- 

0 

0 

0 

4- 

25 

Vomiting 

+ 

+ 

0 

+ 

4~ 

4- 

0 

4- 

0 

4* 

0 

-r 

65 

Hiccup 

0 

+ 

0 

0 

+ 

0 

0 

0 

0 

0 

0 

4" 

25 

Icterus 

+ 

+ 

+ 

•p 


4- 

4~ 

4- 

4- 

4- 

4- 

4- 

100 

Cough 

0 

0 

0 

0 

+ 

4- 

0 

0 

0 

4- 

0 

0 

25 

Hemorrhagic tendencies 

0 

+ 

0 

■h 

4 

4- 

4- 

j- 

0 

0 

0 

4' 

58 

Enlarged liver 

0 

0 

+ 

+ 

4- 

4~ 

4- 

4- 

+ 

0 

0 

4- 

63 

Palpable spleen 

0 

0 

0 

0 

0 

0 

0 

0 

4- 

0 

0 

0 

8 

Adenopathy 

0 

0 

0 

0 

0 

0 

+ 

0 

0 

0 

0 

0 

8 

Outcome 

R 

D 

R 

R 

D 

R 

R 

R 

R 

D 

D 

D 

% dead 41 

* In the table, 0 indicates absence 
patient, D, death, and ?, no mention 

of 

the 

symptom. 

4-1 

Its 

presence, 

R, 

rccoverj of the 


It IS of inteiest to note in this connection that Edelman recoided a 
positive Wassermann leaction among his cases of rat-bite fevei a 
spiiochetal diseases due to Spirochaeta morsus-iuuris 


66 Edelman, S D , and Haber, G B J Pediat 5 520, 1934 
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The diagnosis was verified in all instances by examination of the 
blood by dark field, by inoculation of guinea-pigs or at neciopsy Forty- 
one per cent of the cases terminated fatally This seems a high rate of 
mortality, but it is best explained on the supposition that the milder cases 
without jaundice (m ^^hlch the moitabty late is lo\\) ^^ele not diag- 
nosed 

DIFrnRHNTIAL DI \GXOSIS 

Two common types of jaundice exist in this countn which are 
confused with each othei and with Weil’s disease 1 Infectious jaun- 
dice, as Bluniei,®' Wadsw'oith ' and othei investigators have shown, 
occurs as a benign and highly contagious disease in this country The 
etiology is unknowui, and the study of hundreds of cases has not once 
showm It to be due to a spirochete It is characteiized by appearing 
in epidemic foim, mostl}^ in the fall and wunter, and by attacking 
piimarily chiidien and adolescent bo\s and girls It is rarely fatal and 
lacks the renal and hemorrhagic manifestations of Weil’s disease 2 
Catarrhal jaundice clinically resembles the afebrile type of infectious 
jaundice and is looked on by some imestigators as the sporadic form 
of this disease How^ever, Held and his associates pointed out that 
It IS essentially a degeneiative mvohement of the polygonal hepatic cells, 
which aie rendered susceptible by loss of glycogen to the action of an 
as yet unknown toxic substance Softer showed that one attack ma) 
leave permanent damage to the Iivei It is rarely fatal, it is noncon- 
tagious and attacks primarily persons under the age of 40 

The possibility of acute yellow atrophy may be confusing but should 
be ruled out on the basis of the clinical course, shrinkage of the hvei 
and the finding of leucine or tyrosine crystals in the urine 

When jaundice is absent (or before it appears) Weil’s disease may 
simulate trichiniasis (muscular pain and ocular signs), nephritis (renal 
injury), dyscrasias of the blood (hemorrhagic tendencies), severe 
generalized infection (chill, fever, malaise and prostration), meningitis 
(headache and stift neck) and gastro-enteiitis oi enteric fevei (nausea, 
1 omitmg, abdominal pain or diarrhea) 

Relation to Yellow Fevei — ^\¥eirs disease has been confused wuth 
yellow fever because of the isolation of Leptospira by Noguchi from the 
blood of patients with supposed yellow^ fever and because of the extraoi- 
dinary similaiity of the clinical syndromes It has been conclusively 
showm, howfevei, that Noguchi’s oigamsm and the leptospira of Weil’s 

67 Blumer, G J A M A 81 353, 1923 

68 Held, I W , Goldbloom, A A , and Kramer, M L Internat Chn 4 197, 
1931 

69 Soffer, L J , and Paulson, M Arch Int Med 53 809, 1934 
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disease are seiologically identicar® The blood of patients with yellow 
fever is pathogenic piimarily foi Macacus rhesus lather than for the 
guinea-pig Yellow fever convalescent seiuin protects the monkey from 
the virus of yellow fever but has no effect on L icteiohaemonhagicae, 
whereas convalescent or immune horse serum of Weil’s disease protects 
against the spirochetes (agglutinates and dissolves them) and fails to 
piotect against the virus of yellow fever The obvious and generally 
lecognized explanation, therefore, is that the spirochetes in the mateiial 
leceived by Noguchi were obtained from patients with Weil’s disease 
contracted by accident during tbe outbieak of yellow fever Two such 
instances have since occurred m the epidemic m 1928 m Rio de Janeiro 
No spnochete has ever been recovered from patients with West Afiican 
yellow fever, and the disease has finally taken its place among those 
attributed to a filtrable virus 

Schuffner comincingly showed that the decision of “Weil or no 
Weil” rests with the bacteriologist and the pathologist The bizarre 
symptomatology and marked variation in seventy of Weil’s disease have 
caused considerable confusion and have made its recognition on puiely 
clinical grounds often impossible Hence, m all suspected cases the 
diagnosis should be established oi rejected by means of the laboratoiy 
procedures previously described 

TREATMENT 

As long as the disease is rare and sporadic in this country treatment 
will be symptomatic However, it should be lecognized that a highly 
potent seium has been developed in Europe and Japan With serum 
treatment, as noted by Inada there are reduction in the mortality rate 
distinct amelioration of the symptoms and shortening of the course of 
the disease The polyvalent seium of Baermann and Smith pioduced a 
surpiising effect even in the severest, most critical cases or even when 
given relatively late The patients often felt better in a few houis®‘ 
Instances of surpiisingly successful results from serum treatment in 
Weil’s disease have repeatedly been observed m the Netherlands 

The serum should be given prefeiably during the first few days 
intravenously and in large doses Inada gave 60 cc in twenty-foui 
hours, 40 cc the first day and 20 cc the next or 20 cc on each of three 
consecutive days“^ Baermann gave fiom 60 to 90 cc the first day and 

then from 30 to 40 cc ever} other day until a total of 200 cc was 

70 Theiler, M , and Sellards, AW Am J Trop Med 6 388, 1926 , 7 369 
1927 

71 Muller, H R , and Tdden, E J A M A 94 8S6, 1930 

72 Schuffner, W, and Mochtar, A Zentralbl f Bakt (Abt 1) 101 405, 
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used in very seveie cases No mifa\orable leaction of consequence 
AAas evei noted 

Seium IS positively indicated, if available, foi patients with severe 
symptoms whose disease has been diagnosed and foi laboratoiy uorkeis 
with a deal histoiy of accidental exposuie seveial days or moie befoie 
the onset of symptoms “In any event," wrote Uhlenhuth, “accoiding 
to all past expel lence, expeiimental and clinical, the eaily use of laigc 
doses of specific serum must be in gently lecommendcd foi the treat- 
ment of Weil’s disease " 

Because of the heteiogeneity of the various stiams of Leptospira 
(as indicated b) miiioi difterences m titer requned for agglutination), 
the seium should be widely polyvalent Noguchi used nine stiams fiom 
Noith and South Ameiica, Japan, England and France. }et his serum 
failed to affect ceitam othei stiams Baeimann used one hundied 
Sumatran strains and fifteen othei s, including stiams from the Nethei- 
lands, Geimany and Fiance Organisms of all degiees of Mrulence 
weie repiesented '*■* 

Standardization of the seium must foi the piesent be based on the 
agglutination oi lysis titei of existing fresh Miulent strains Baei- 
mann’s notewoithy results weie obtained with seiums the titer of winch 
ranged fiom 1 1,000 to 1 10,000 

Rapid production of seium foi use in emeigencj (as in an epidemic) 
was described by Uhlenhuth He found that adult labbits given a single 
laige dose of oiganisms sunived the peiiod of jaundice and pioduced 
antibodies of coiisideiable lalue much eailier than they were pioduced m 
the hoise or sheep Piopeily pieseived seium should be efficacious aftei 
several 5 ’’eais of stoiage That of Giiffith, wdiich contained 04 pei cent 
phenol and w^as kept in a cool daik cupboaid, maintained its original 
potency foi seven yeais'^ 

Equally good lesults haie follow^ed the use of coinalescent seium 
obtained from patients lecoveied from the disease in wdiom high 
agglutinating and lytic titei ai e knowm to have developed It w'ould be an 
excellent plan if in the futuie convalescent seium w^eie collected from 
each peison recoveung fiom Weil’s disease m this countiy 

Aisphenamine and other aisemcal piepaiations have been showm bv 
numerous clinicians to be ineffective as a spirocheticidal agent in Weil’s 

73 As far as we have been able to determine, serum is not at present available 
in this country Manufacture of Noguchi’s serum was discontinued after it was 
found nonspecific for yellow fcAcr According to Fairley, serum is obtainable 
from Burroughs, Wellcome & Co , London, and \\ e suggest that it might be 
procurable through their New York agency 

74 Griffith, A J Hyg 18 59, 1919 
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disease They may furthei damage the liver A soluble prepaiation of 
bismuth (bismuto-chimofom) has been found remarkably effective in 
guinea-pigs Although no reports of its use in man are available in the 
literature, it seems worthy of trial m severe cases if serum is not avail- 
able The symptomatic treatment is essentiall} similar to that foi 
hepatitis, nephritis or severe generalized infection 

GENERAL COMMENT 

In a recent editorial in The Joiuual of the Avieucon ]\Iedtoal Asso- 
ciafion It was stated that "Weil’s disease seems to be one of those con- 
ditions fated to play an ever larger part in medicine and public health ” 
Evidence has been brought foiward in this papei which we believe 
amply substantiates this piophecy 

Certainly, the same potential factors foi the spiead of the disease 
exist in this countiy as m other countries, and it has been shown that 
(1) the Weil stiam of Leptospira is the same the world ovei , (2) 
at least 10 per cent of wild rats in the United States harbor and exciete 
virulent organisms, (3) occupational exposuie exists (most of the 12 
repoited cases occuired in persons working at ceitam trades) , (4) spiro- 
chetes have been found to thrive in water in many places m this countiy, 
and (5) sporadic cases of Weils disease (clinically and pathologically 
identical with the classic European vaiiety) continue to be leported at 
intervals 

That lack of lecognition of the disease accounts for the report of 
so few cases in the United States has been commented on A condition 
comparable to that obtaining in this countiy existed in Scotland, Fiance, 
the Netherlands and othei countries about ten 3 '^eais ago, when Weil’s 
disease was rarely repoited to the health authorities During recent 
years (owing almost entirely to a better undei standing of this disease 
entity), it has become commonly recognized Physicians in the afore- 
mentioned countries consider Weil’s disease frequently in their differ- 
ential diagnoses It has become as common there to send blood to the 
health laboratories for agglutination with Leptospira as it is in this 
countiy to send blood to a state laboratory for a Widal test A typical 
example is the Pasteur Institute of Pans, wdrere duimg 1933, 1,232 
specimens of blood from persons suspected of having ^^^ell’s disease 
rvere examined, and agglutination with Leptospira" was obtained in 
23 1 pel cent 

75 Uhlenhuth, P, and Seiffert, A Zentralbl f Bakt (Abt 1) 114 241, 1929 

76 Editorial, JAMA 103 493, 1934 

77 Erber, B J Bull Office internat d’hyg pub 24 1749, 1934, abstr Brit 

I 2 1155, 1934 
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The true incidence and future course of Wed’s disease in Ameiica 
\m11 be better determined if the following conditions are fulfilled 

1 The disease must be suspected moie often and the vaiiation in 
symptomatology appieciated 

2 All suspected cases should have laboiatoiy confiimation 

3 Laboi atones (both public health and hospital) should be piepaied 
to make the necessai}’' diagnostic tests 

4 Seium and piophylactic measuies should be utih7ed when 
indicated 



Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
etc — ^At the University of Michigan Malcolm H Soule, professor of bacteriology, 
has been made director of the hygienic laboratory and chairman of the department 
of bacteriology in succession to F G Novy, who has retired 

Ernest E Tyzzer, professor of bacteriology in the Harvard University Medical 
School, has received the honorary degree of doctor of science from Brown 
University 

C R Bardeen, professor of anatomy and dean in the medical school of the 
Universitj" of Wisconsin, has died at the age of 64 

Walter J Nungester, assistant professor of bacteriology m the medical school 
of Northwestern University, has been appointed associate professor of bacteriology 
111 the University of Afichigan 

Albert C Broders, of the Mayo Clinic, has been appointed professor of surgical 
pathology and director of cancer research at the Medical College of Virginia, 
Richmond 

B roman C Crowell, director of clinical research m the American College of 
Surgeons, Chicago, has been elected president of the Gorgas Memorial Institute 
A R Dochez has been elected a member of the board of scientific directors of 
the Rockefeller Institute for Medical Research 

John Wemzerl, professor of bacteriology in the Univeisity of Washington since 
1912, has died at the age of 65 

The Poor Richard Club of Philadelphia has awarded its medal of achievement 
to John A Kolmer m recognition of his work on prevention of epidemic poho- 
myehtis 

N Paul Hudson, professor of pathology in the University of Chicago, has 
accepted an appointment as professor and chairman of the department of bacteriol- 
ogy in Ohio State University, in place of Charles B Morrey, who has resigned 
Floyd S Markham, J M Birkeland and O C Woolpert have been appointed 
assistant professors of bacteriology m Ohio State University 

A bronze plaque of Alfred S Warthin, who died in 1931, has been presented 
to the University of Michigan by persons who worked with him m the department 
of pathology under his directorship Dr Warthin was connected with the university 
from his graduation there in 1891 , since 1903 and until his death he was professor 
of pathology and director of the pathologic laboratory 

Ralph S Muckenfuss, assistant professor in Washington University, St Louis, 
has been appointed temporary assistant director of the bureau of laboratories of 
the department of health of New York City 

Society News — At the annual meeting of the American Society of Clinical 
Pathologists Roy R Kracke was chosen president-elect, R A Kildufte, vice- 
president, and A S Giordano, secretaiy^-treasurer 

The forty-sixth annual meeting of the Association of Ameiican Medical Col- 
leges will be held at Toronto, Canada, on Oct 28, 29 and 30, 1935 

Corrected Notice — The Second International Congress for Microbiology will 
be held in London July 25 to Aug 1, 1936 
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PtiRE CULTURES OF FlBROBLASTS FROM SlNGl F MOXONUCLEAR CELLS J K 

Moen, J E\per Med 61 247, 1935 

Most guinea-pig mononuclear exudative cells in tissue culture become tjpical 
migrating macrophages, but a small proportion take on fibroblastic characteristics 
and produce pure colonies of fibroblasts These fibroblasts maintain their mor- 
phologic characteristics through repeated subcultures It is suggested that the 
development of individual mononuclear cells in tissue culture subsequent to isola- 
tion is conditioned at the time of cxplantation Apposition to other cells is not 
necessar}'^ for the initiation of mitotic cellular division There is a definite optimal 
relationship between the bulk of the medium, the number of explanted cells and 
the extent of proliferation The presence of other cells in the vicinit) enhances 
cellular division Mitosis in the isolated explanted cell is preceded by a latent 
period The rate of division vanes in different colonies of fibroblasts Admixed 
erjthrocjtes m the mononuclear suspension definitelv inhibit proliferation of 
fibroblasts m tissue culture The mliibitnig factor in disintegrating erjthrocytes 
IS apparent!}'- m t!ie stroma Frovi the Author’s Summvrv 


Blood Plasma Protein Regeneration Com rolled bv Dilt W T Pomml- 
RENKE et al., J Exper Med 61 261 and 283, 1935 

1 Standaidtcation of Food Ptoieins, Fasimg and hon Feeding — ^When blood 
plasma proteins in dogs have been depleted by bleeding, with return of washed 
red cells (plasmapheresis), it is possible to bring the animals to a steady state 
of low plasma protein and uniform production of plasma proteins on a basal diet 
Such dogs are excellent test subjects bv which to measure the potenev of various 
dietetic factors for the regeneration of plasma proteins To regenerate plasma 
proteins in any significant amount the depleted dog requires food proteins Some 
proteins are very potent for the production of new plasma proteins, and others 
are utilized poorly Beef serum is potent , the proteins m 2 6 Gm of serum will 
produce 1 Gm of new plasma proteins in the depicted dog — a potencj ratio of 
2 6 Kidney protein stands at the bottom of the list , the dog needs 21 Gm of 
kidney protein to regenerate 1 Gm of plasma protein — a potency ratio of 21 
Some gram proteins approximate beef serum in potency and may show potenc) 
ratios of from 2 7 to 46 Some of these gram proteins appear to favor the pro- 
duction of globulin more than that of albumin m the plasma Skeletal muscle, 
gizzard (smooth muscle), lactalbumin and egg-whitc fall into a favorable group 
with a potency ratio of from 5 3 to 6 Whole liv^er, liver fractions, casein and 
beef heart are a little less potent, presenting potencj ratios of from 6 5 to 8 
Many of these food substances favor the production of albumin more than that 
of globulin Pancreas and salmon muscle show less favorable potency ratios of 
19 and 15, respectivelj Fasting periods indicate that the depleted dogs can pro- 
duce little if any new plasma protein Iron feeding in some unexplained manner 
influences bodj' metabolism so that an excess of plasma protein is produced 
These observations have a bearing on clinical conditions associated with hjpo- 
proteinemia and giv’e suggestions for dietarj'- aid or control m some of these 
abnormal states The make-up of the diet is obviouslj’- of great interest, and it 
IS possible that combinations of proteins may be more potent than a single protein 
or that food potencj ratios may differ in health and disease 
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2 Dog Plasma Piotcm, Hoise Plasma and Dog Hemoglobin — Foreign plasma 
protein (horse) introduced parenterally into the dog deprived of dietary protein 
IS not utilized in the body economy Its fate appears to be disintegration and 
elimination as excess urinary nitrogen This is totally different from the fate of 
dog plasma protein under similar conditions Dog hemoglobin given parenterally 
to the dog deprived of protein is not utilized as is dog plasma protein to keep 
the animal in nitrogen equilibrium, the globm is largely broken down and dis- 
carded as excess urinary nitrogen A small part of the injected hemoglobin is 
probably utilized to maintain the red cell concentration m the blood at high levels 
Dog plasma given parenterally in a dog deprived of dietary protein will maintain 
the dog in nitrogen equilibrium, and there is no surplus nitrogen elimination in 
the after-periods It is apparent that the introduced plasma protein is utilized 
efficiently in body metabolism to replace or repair tissue protein It is suggested 
that although this is an emergency reaction the same reaction may go on in 
normal internal metabolism The observation that foreign plasma and dog hemo- 
globin cannot be utilized when given parenterally strengthens the argument for 
a normal contribution from plasma proteins to body proteins 

From the Authors’ Summ\ries 


Renal Damage from a Diet Containing Excess Inorganic Phosphate 
E M McKay and J Oliver, J Exper Med 61 319, 1935 

The addition of an excess of inorganic phosphate in the form of orthophos- 
phoric acid, acid, basic or neutral sodium or potassium phosphate to the diet of 
albino rats results m the development of an interesting and permanent renal lesion 
The lesion is characterized by necrosis of the cells of the convoluted tubules 
commencing at the terminal end, followed by atypical regeneration of epithelium 
and calcification of the necrotic debris that fills the tubules The entire outer 
stripe of the outer zone of the medulla is transformed into a zone of distorted 
structures, and there is an increase m the interstitial connective tissue The 
adjoining cortex is also involved with cystic dilatation of tubules and collapse 
Such areas may reach the free surface of the organ and produce retracted scars 
In the gross the kidneys are enlarged and firm on section, with a pebbled surface 
produced by numerous scars The maximum changes in the kidney structure are 
reached after about fifteen days, but necrosis of the cells of the convoluted tubules 
IS evident after a single day of phosphate feeding The renal structure is not 
restored to its normal form when the excess of phosphate is removed from 
the diet From the Authors’ Summary 

Mottled Enamei in Cattle H T Dean, Pub Health Rep 50 206, 1935 

An additional area, west Texas, showing mottled enamel in cattle is reported 
The economic consequence of widespread fluorosis m stock may be a problem of 
some significance in animal husbandry Author’s Summary 


The Action of Acetone and or the Ketone Bodies PRrsFNr in Diabetic 
Blood Upon the Heart M M Bagoury, Brit J Exper Path 16 25, 1935 

Different concentrations of the ketone bodies present m diabetes were com- 
pared as to their action on the heart muscle and the minimal effective doses 
determined Acetone and aceto-acetic acid produce a weakening of the heart, as 
evidenced by the cardiac dilatation and the rise of the \enous and pulmonar^ 
pressures The toxicity of aceto-acetic acid is about from fifteen to twenty times 
greater than that of acetone The minimal effective concentration of aceto-acetic 
acid IS from 2 to 3 mg and that of acetone from 25 to 40 mg per hundred cubic 
centimeters of blood The weakening effect of acetone remains unchanged so 
long as the acetone remains in the circulation On replacing the blood bj acetone- 
free blood the heart recoiers completely The cardiac dilatation produced b\ 
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small doses of aceto-acetic acid tends to disappear siwntaneously Beta- 
ox}butjric acid has no specific action on the heart up to concentrations of 1 per 
cent Its effects are entirely accounted for b} the changes m the acid-base 
equilibrium which the acid produces m the blood Ihe three ketone bodies pro- 
duce an increase m the coronary blood flow This effect is, howe\er, negligible 
unless the concentration of these substances in the blood is very high Admin- 
istration of dextrose and of insulin docs not modify the action of these three 
substances on the heart muscle Tin Aotiiou’s Scmmau^ 


Pathologic Anatomy 

Histological Eftects or Pot\ssiuai Iodide and Tiivroid Slbstancl on the 

Thiroid Gland or the Guinea Pig in Scurvy W F Adeucrombie, Am 
J Path 11 469, 1935 

In scurs'y the thyroid gland presents irregular follicles with higher epithelium, 
a reduced amount of nonumformly stained and extensively Yacuolated colloid and 
an increase in the mterfolhcular cells These changes are more marked in chronic 
scur’i'j' of long duration than m acute scur\y Potassium iodide causes a decrease 
in the number of lacuoles and an increase in the amount of colloid, accompanied 
by a flattening of the epithelium and a decrease of the mterfolhcular cells Tin roid 
substance produces similar results except that the epithelium is not flattened but 
IS returned to the normal medium height Potassium iodide and thjTOid sub- 
stance, m the doses administered, do not tend to prolong the life of the scorbutic 
animal Thus, it appears that vitamin C is not concerned with iodine metabolism 

From the Author’s Slmmary 

Glojierular Changes in Arteriosclerotic Contraction of thf Kidney 

P Kihmelstiel, Am J Path 11 483, 1935 

In arteriosclerotic kidne 3 ’^s the following degeneratne changes can be recog- 
nized m the glomeruli 

A Primary broadening and hyalinization of the mtercapillari axial connectnc 
tissue This very frequent change is interpreted as a phenomenon of the aging 
of the glomerulus and may lead to damage of the glomerular capillaries 

B Thickening of the basement membrane, Yvhich is alwaYS secondarj It niaj 
be due to two different causes 

1 Ischemic atrophy of the glomerulus, which niaj’' result from (o) direct 
encroachment of hyalinization of the vas afferens on the glomerulus leading to 
collapse and degeneration of all the glomerular elements, and (b) narrowing of 
the larger vessels producing slow circulatory atrophy of the tubules and glomeruli 
This change, the most common in all forms of arteriosclerotic kidney, is charac- 
terized bj"- thickening of the capsule and basement membrane, frequentlj’- extending 
from the former to the latter Tins thickening of the capsule is closely associated 
with atrophy of the tubular epithelium 

2 Ascending atrophy This is caused by obstruction of the corresponding 
tubules and is characterized by thickening of the capillarj’^ basement membrane 
without thickening of the capsule and is associated with dilatation of the capsular 
space This form usually is not obserY’ed in pyelogenic ascending contraction 
The latter is interpreted mainly as an ischemic process, thereby explaining the 
fact that in this condition one so frequently encounters a high degree of capsular 
thickening (vide lb) 

Tubular atrophy in arteriosclerotic kidneys is cliieflj’’ circulatory and essentially 
depends on changes in medium-sized and larger vessels 

Froji the Author’s Conclusions 
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Blood-Filled Cists on the Cardiac Valves in Ineanci S D Mills, J Pediat 
6 51. 1935 

Small blood-filled cysts occur not infrequently on the leaflets of the cardiac 
valves in the neonatal period The best explanation for their origin is that the^ 
are cystic dilatations at the ends of endothehum-hned canals in the substance of 
the valves From the Author’s Summary 


The Histologi or the Tuberculous Cavity Wait S R Gloyne, Tubercle 
16 161, 1935 

In the cavity of the acute bronchopneumonic tubercle the connective tissue is 
minimal, and the parenchyma of the lung still forms the greater part of the wall 
In the old cavity with a thick wall the latter consists entirely of dense connective 
tissue which has obliterated all other structures with the exception of bronchi 
which contain portions of cartilage enabling them to resist compression Between 
these two extremes are those which may be designated the cavities of the inter- 
mediate stage No single description will fit the walls of all , their structure 
IS varied There is always more connective tissue in the wall than examination 
with the naked eye suggests Setting aside the somewhat rare small cavity of the 
acute bronchopneumonic tubercle, one may safely infer that by the time a cavit 3 ' 
IS recognizable in the roentgenogram connective tissue is already formed in its 
walls H J CORPER 


The Lesions of the Chronic Form or Periarteritis Nodosa Macaigne and 
P Nicaud, Ann d’anat path 11 235, 1934 

In an adult with recurrent attacks of asthenia, polyneuritis, polymyositis and 
multiple nodules of the skin of about ten years’ duration biopsies of the nodules 
revealed arterial and arteriolar changes considered characteristic of periarteritis 
nodosa endothelial proliferation with thickening of the intima and narrowing of 
the lumen, doubling of the elastica interna, separation of the muscle fibers of the 
media and infiltration of the adventitia by granulation tissue and fibrosis Foci 
of necrosis and occasionally suppurative changes were present Inoculation of 
material from the lesions into two guinea-pigs and a monkey yielded no results 

Perry J Melmck 


Primary Polymyositis G Marinesco, S Draganesco and E Facon, Ann 
danat path 11 537, 1934 

The authors report a case of primary hemorrhagic nonsuppurative polymyositis 
(Frenkel-Wetzoldt) Microscopically the muscles showed extensive degenerative 
changes but also marked inflammatory changes and hemorrhages Various fixatives 
and stains were used so that artefacts were not a confusing element Different 
degrees of degenerative changes progressing to coagulation and necrosis were seen 
The inflammatory process had the character of an interstitial subacute infiltration 
of round cells, capillaries and connective tissue The authors consider the condition 
to be inflammatory, and differentiate it from muscular dystrophies, myasthenia 
gravis, Landry’s s 3 mdrome, rheumatism, trichinosis, neuromyositis and dermato- 
myositis Perry J Melnick 


Histologic Structure or the Rejiaining Portion of the Thytroid After Cure 
OF EnOPHTH YLFIIC GOITER BY SUBTOTAL THYROIDECTOMY’’ G ROUSSY, 
R Huguenin and H Weltt, Ann d’anat path 11 555, 1934 

In two cases the authors made biopsies of the portion of thyroid gland remaining 
after subtotal thyroidectomy for thyrotoxicosis, in one case two years, in another 
case five years, after the operation The specimens were obtained during cosmetic 
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repair of the scars In both cases the histologic picture was identical with that of 
the goiters previously removed In both, although the organ was clinically cured, 
with normal physiology reestablished, the thyroid tissue was found to be as hyper- 
plastic as the original goiter Perrv J I^Iumck 

Studies or THE Intermediate Lobe of iiir H\popii\sis G Rouss\ and M 
Mosinger, Ann d’anat path 11 655, 1934 

The authors made a histologic study of the hypophyseal fissure, the dncrticula 
of the fissure, the sero-albuminous glands of the intermediate lobe and the cellular 
infiltrations of the posterior lobe They studied 112 normal hypophyses from adults 
of various periods of life ranging to advanced age, 6 from infants and children, and 
1 from an 8 month fetus In the fetus and the infant the hypophyseal fissure is 
intact In both the anterior and posterior walls tlie lining epitliehuin is the same 
Therefore the anterior wall properly belongs to the intermediate lobe Besides 
flat, cuboidal and cylindric cells a fourth type of cell is found in this epithelial 
layer, namely, a basophilic branched cell apparently' capable of migration From 
the fissure of the hy'pophy'sis dnerticula branch off m all directions, including 
diverticula into the posterior lobe These arc different from the sero-albuminous 
glands of Erdheim in the intermediate lobe, which are lined by' a different type of 
secreting epithelium Cellular infiltrations into the posterior lobe consist, in infants, 
of basophilic cells from the intermediate lobe, but in adults they may' also consist 
of eosinophilic cells from the anterior lobe since the fissure is obscured and there 
IS a more direct continuity with the anterior lobe These anatomic structures point 
the way to interesting conclusions regarding the lanous physiologic and pathologic 
states of the hypophysis j 

Changes in the Endocrim Glands in Dimietfs MirriTES M Labbe and 
M Petresco, Ann d’anat path 11 761, 1934 

The hypophy'sis, thyroid and adrenals were studied histologicall\ in twenty - 
eight cases of diabetes mellitus, in some of which the condition was associated 
with pigmentation The following changes were found The hypophy'sis usually 
showed a diminution in size and weight associated with a decrease in number 
and with degenerative changes of the eosinophilic cells of the anterior lobe In 
the thyroid more or less epithelial hy'perplasia ivas detected In most cases the 
adrenals were diminished in size and showed an associated decrease in hpoid content 
and regressive changes in tlie cells of the cortex In four cases of se\ere diabetes 
there was sclerosis of the adrenal medulla The authors conclude that the lesions 
of the islands of Langerhans are fundamental in diabetes They' do not admit 
that the other endocrine glands play a role in the regulation of glycogen There 
exist changes m the other endocrine glands of secondary' importance, which how- 
ever explain certain sy'iidromes sometimes associated w'lth diabetes, such as thyro- 
toxicosis, genital dystrophy, hypertension, etc Perrv J !Melnick 

The Reticular Reactioxs and Functions of the Splfmc Lvmpii Follicles 
J Watjen, Centralbl f allg Path u path Anat 62 1, 1935 

Retrogressive and progressive changes have been noted in the splenic lympli 
follicles after poisoning with certain karyoklastic substances The regressive 
changes in the lymphatic cells were proportionate to the progressive changes in the 
reticulum Questions then arose as to whether the proliferative reaction followed 
lymphatic damage or whether it was a primary' reaction and whether this was 
an antitoxic reaction Haranghy answered these questions positively from observa- 
tions in diphtheria and in ricin poisoning Watjen is concerned with corroboration 
of this work and in many respects is in accord with Haranghv Changes in the 
lymph follicles are variable because the germinal centers ha\e an upward and a 
downward phase and are more easily affected by poisons in the full dcAelopment 
or earlj regression stages Changes after ricin poisoning are apparent within 
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eighteen hours, and iron pigment is encountered at this period and thereafter in 
the reticulum cells of the follicles This feature is important because it demon- 
strates activity in support of the reticulum cells of the pulp which usually exercise 
such a function It is seen only after rarefaction and activation of the follicle 
have occurred In protracted ricin poisoning a pennodular leukocytic wall is noted, 
and this speaks for the nodules acting as poison depots and exerting a chemotactic 
effect The changes noted in diphtheria in human beings can be compared only 
tentatively with those noted in experimental ricin poisoning in guinea-pigs In 
those dying of toxic diphtheria early, nuclear disintegration is found in the follicles 
Those who withstand the disease longer have a stimulation of the reticulum even 
to the formation of epithelioid centers These changes are indicative of the action 
of a weak poison George Rukstinat 

Dilatation or the Esophagus H Arnold, Centralbl f allg Path u path 
Anat 62 49, 1935 

The condition forming the basis for this discussion was encountered post mortem 
in a woman, aged 49 years, who died of cardiac decompensation and mitral stenosis 
Symptoms referable to the esophagus dated from childhood, when a feeling of 
fulness after eating and vomiting of food taken the previous day were noted At 
the ages of 15 and 20 years sounds had been passed in the esophagus, and a condi- 
tion of stenosis diagnosed The stenosis involved the lower half of the esophagus, 
while the upper half was dilated At necropsy the esophagus was 32 cm long, and 
its circumference varied between 8 and 10 cm The upper third was altered by a 
granular esophagitis There was an ulcer at the pylorus Arnold believes that the 
dilatation described was present long before the age of 15 years and was inaugu- 
rated by cardiospasm He emphasizes the fact that functional difficulties such as 
cardiospasm or achalasia are manifested earliei in life and more strongly than are 
such organic alterations as carcinoma of the cardia The same observation holds 
true elsewhere m the gastro-intestinal tract as in pylorospasm or Hirschsprung’s 
disease During adolescence and early adult life compensation in the form of 
muscular hypertrophy was ample to overcome the stenosis The waning response 
with approaching old age was further hindered by the marked mitral stenosis and 
periodic cardiac decompensation Rukstinat 


A Bone Marrow Nodule in the Pararixtai Fat H Kudlich, Centralbl f 
allg Path u path Anat 62 83, 1935 


In a woman, aged 49 years, who died from pneumonia a mass the size of a 
walnut was found m the fat between the rectum and the sacrum On microscopic 
examination this proved to be composed of typical bone marrow Kudlich briefly 
reviews the literature on foci of bone marrow in such locations as the adrenal 
glands or adrenal rests He is certain that the sympathicoblasts or round cell 
collections found in some of the recorded marrow masses of the adrenal glands 
could play no part m the production of the pararectal growth which he encountered 
He points out the observations of Petri and Gruber that the fat of human embryos 
m Its development goes through a preliminary stage that resembles bone marrow 


The growth in the present case might be regarded then as a local lack of develop- 
ment The claims of Herzenherg and Patrassi that such marrow tissue might 
have a postfetal development from the endothelial cells of blood vessels are also 
cited Either of the latter views could account for the development of bone 

marrow m any part of the bodv r- ^ 

George Rukstinat 


Tot VL Cavernous Tuberculosis of the Left Lung L Elliott Siltzbach 
Virchows Arch f path Anat 292 652, 1934 

Under the designation “left-sided total cavernous lung” Siltzbach presents from 
Erdheim’s institute the roentgenographic and the gross and microscopic observations 
in nine cases of a form of pulmonary tuberculosis that has received scant attention 
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repair of the scars In both cases the histologic picture was identical with that of 
the goiters previously removed In both, although the organ was clinically cured, 
with normal phi^siology reestablished, the tigroid tissue was found to be as hyper- 
plastic as the original goiter Perr\ J ^Ielxick 

Studies or the Intermediate Lobe of hie Hypopiitsis G Roussv and AI 
Mosinger, Ann d’anat path 11 655, 1934 
The authors made a histologic studj’' of the hypophj'seal fissure, the diverticula 
of the fissure, the sero-albummous glands of the intermediate lobe and the cellular 
infiltrations of the posterior lobe They studied 112 normal hypophyses from adults 
of various periods of life ranging to advanced age, 6 from infants and children, and 
1 from an 8 month fetus In the fetus and the infant the hypophjscal fissure is 
intact In both the anterior and posterior walls the lining epithelium is the same 
Therefore the anterior wall properly belongs to tlie intermediate lobe Besides 
flat, cuboidal and cylmdric cells a fourth type of cell is found in this epithelial 
layer, namely, a basophilic branched cell apparently capable of migration From 
the fissure of the hypophysis diverticula branch off m all directions, including 
diverticula into the posterior lobe These are different from tlie sero-albuminous 
glands of Erdheim in the intermediate lobe, which are lined by a different type of 
secreting epithelium Cellular infiltrations into the posterior lobe consist, m infants, 
of basophilic cells from the intermediate lobe, but in adults thev inaj also consist 
of eosinophilic cells from the anterior lobe since the fissure is obscured and there 
is a more direct continuity with the anterior lobe These anatomic structures point 
the waj to interesting conclusions regarding the various phjsiologic and pathologic 
states of the hypophysis y AIelnick 


Changes in the Endocrim Glands in Divbftes Miliitls M Labbe and 
M Petresco, Ann d'anat path 11 761, 1934 

The hypophysis, thyroid and adrenals were studied histologically m twenty- 
eight cases of diabetes melhtus, in some of which the condition w’as associated 
with pigmentation The following changes were found The hjpophysis usuallv 
showed a diminution m size and weight associated with a decrease in number 
and with degenerative changes of the eosinophilic cells of the anterior lobe In 
the thyroid more or less epithelial hyperplasia was detected In most cases the 
adrenals were diminished in size and showed an associated decrease in lipoid content 
and regressive changes in the cells of the cortex In four cases of severe diabetes 
there was sclerosis of the adrenal medulla The authors conclude that the lesions 
of the islands of Langerhans are fundamental in diabetes Thev do not admit 
that the other endocrine glands play a role m the regulation of gtycogen There 
exist changes in the other endocrine glands of secondary importance, which how- 
ever explain certain sjmdromes sometimes associated with diabetes, such as thyro- 


toxicosis, genital dystrophy, hypertension etc 


Perry J Melnick 


The Reticliar Revctions and Functions or riiE Splinic Lvmph Follicies 
J Watjen, Centralbl f allg Path u path Anat 62 1, 1935 

Retrogressive and progressive changes have been noted in the splenic lymph 
follicles after poisoning with certain karyoklastic substances The regressive 
changes in the lymphatic cells were proportionate to the progressiv’^e changes in the 
reticulum Questions then arose as to whether the prohferativ'e reaction follovv'cd 
lymphatic damage or vv'hether it was a primary reaction and whether this was 
an antitoxic reaction Haranghy ansvv'ered these questions positively from observa- 
tions in diphtheria and in ricm poisoning Watjen is concerned with corroboration 
of this work and in many respects is in accord with Haranghv Changes in the 
ymph follicles are variable because the germinal centers have an upward and a 
downward phase and are more easily affected by poisons m the full development 
or ear y regression stages Changes after ricin poisoning are apparent vvithiii 
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eighteen hours, and iron pigment is enLOuntcrcd at this period and thercaftci in 
the reticulum cells o^ the follicles This feature is important because it demon- 
strates activity in support of the reticulum cells of the pulp which usually exercise 
such a function It is seen only after rarefaction and activation of the follicle 
have occurred In protracted ricin poisoning a perinodular leukocytic wall is noted, 
and this speaks for the nodules acting as poison depots and exerting a chemotactic 
effect The changes noted in diphtheria in human beings can be compared only 
tentatively with those noted in experimental ricm poisoning in guinea-pigs In 
those dying of toxic diphtheria early, nuclear disintegration is found in the follicles 
Those who withstand the disease longer have a stimulation of the reticulum even 
to the formation of epithelioid centers These changes are indicative of the action 
of a weak poison Gcorgc Rukstinat 

Dilatation or thc Esopii \gus H Arnold, Centralbl f allg Path u path 
Anat 62 49, 1935 

The condition forming the basis foi this discussion was encountered post mortem 
in a woman, aged 49 years, who died of cardiac decompensation and mitral stenosis 
Symptoms referable to the esophagus dated from childhood, when a feeling of 
fulness after eating and vomiting of food taken the previous day were noted At 
the ages of 15 and 20 years sounds had been passed in the esophagus, and a condi- 
tion of stenosis diagnosed The stenosis involved thc lower half of the esophagus, 
while the upper half was dilated At necropsy the esophagus was 32 cm long, and 
Its circumference varied between 8 and 10 cm The upper third was altered by a 
granular esophagitis There was an ulcer at the pylorus Arnold believes that the 
dilatation described was present long before the age of 15 years and was inaugu- 
rated by cardiospasm He emphasizes the fact that functional difficulties such as 
cardiospasm or achalasia are manifested earhei m life and more strongly than are 
such organic alterations as carcinoma of the cardia The same observation holds 
true elsewhere m the gastro-mtestmal tract as m pylorospasm or Hirschsprung’s 
disease During adolescence and early adult life compensation in the form of 
muscular hypertrophj was ample to overcome the stenosis The waning response 
with approaching old age was further hindered by the marked mitral stenosis and 
periodic cardiac decompensation Rukstinat 

A Bone Marrow Nouuie in the Pararixiai Fat H Kudiich, Centralbl f 
allg Path u path Anat 62 83, 1935 

In a woman, aged 49 years, who died from pneumonia a mass the size of a 
walnut was found m the fat between the rectum and the sacrum On microscopic 
examination this proved to be composed of typical bone marrow Kudhch briefly 
reviews the literature on foci of bone marrow m such locations as the adrenal 
glands or adrenal rests He is certain that the sympathicoblasts or round cell 
collections found in some of the recorded marrow masses of the adrenal glands 
could play no part m the production of the pararectal growth which he encountered 
He points out the observations of Petri and Gruber that the fat of human embryos 
m Its development goes tlirough a preliminary stage that resembles bone marrow 
The growth m the present case might be regarded then as a local lack of develop- 
ment The claims of Herzenberg and Patrassi that such marrow tissue might 
have a postfetal development from the endothelial cells of blood vessels are also 
cited Either of the latter views could account for the development of bone 
marrow in any part of the body - ^ 

George Rukstinat 

Totai Cavernous Tuberculosis of the Left Lung L Elliott Siltzbach 
Virchows Arch f path Anat 292 652, 1934 

Under the designation “left-sided total cavernous lung” Siltzbach presents from 
Erdheims institute the roeiitgenographic and the gross and microscopic observations 
m nine cases of a form of pulmonary tuberculosis that has received scant attention 
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All the patients were women whose ages varied from 22 to 39 years, one was 
54 years old The clinical duration of the illness in eight patients ranged from 
five to twenty years , in one patient it was one year The left lung was involved 
in each instance Of nine examples of a similar condition collected from the 
literature, two dating back to 1803 and 1847, five occurred m women In eight 
of these cases the left lung was involved In Siltzbach’s cases the left lung had 
been transformed into one or two large cavernous spaces bounded by dense fibrous 
tissue derived from the adherent visceral pleura Remnants of parenclnma could 
be detected in the lower but not in the upper lobe In the fibrous walls of the 
cavities there were numerous focal aggregations of lymphocytes and a few miliary 
tubercles There were also many encapsulated caseous areas The lining of the 
cavities was formed by a zone of nonspecific chronic inflammatory tissue with 
leukocytic infiltration The fibrous pleural adhesions were rich m elastic tissue 
The hilar nodes contained tubercles The right lung revealed older encapsulated 
caseous foci and areas of more recent tuberculosis In a brief supplemental note 
two further cases are described, which also occurred in women and involved the 
left lung Q 'p ScHOLT/ 

Weight of the Thymus in New-Born Infants P R Russkoff, Virchows 
Arch f path Anat 293 113, 1934 

The weight of the thymus, absolute and relative to body weight, was determined 
m 841 infants who came to necropsy in the pathologic institute of the University 
of Bern, Switzerland, during the years 1908 to 1932 inclusive Premature and 
full-term infants who died within the first month of life were included, as were 
also stillborn infants The material was divided into five groups according to 
body weights In general, the weight of the thymus was slightly higher in male 
infants than in female infants of the same group In a group of infants who were 
at least 50 cm long and who lived not longer than twenty -four hours, the average 
weight of the thymus was 11 8 Gm in males, and 12 5 Gm in females, and in 
the two sexes it was 12 1 Gm The relation of thymus weight to body weight 
was 1 271 8 (0 37 per cent) The thymus was heavier in anencephalic infants 
than in normal infants of the same weight In the later months of fetal life the 
growth of the thymus parallels that of the body The weights of the thymus 
and thyroid gland did not parallel each other The average weight of the thjmus 
in the goiter district of Bern did not exceed that of other regions 

O T SCHUITZ 

Cartilage Rests IN THE Tongue C Gent sciiurr, Virchows Arch f path \nat 
293 129, 1934 

In carnivorous animals and in swine there occurs normally at the inferior 
margin of the anterior portion of the septum of the tongue a wormlike fibrous 
thickening that has been known as the “lyssa” or “fury worm” , its name indicates 
that superstition ascribed to it a role in rabies This structure may contain small 
islands of cartilage In 1895 Nusbaum and Markowski noted the occurrence of 
islands of cartilage in a similar situation in the tongues of 30 per cent of ne\\’'-born 
infants and fetuses of the eighth and ninth months examined by them, according 
to these authors, the cartilage disappears in later life The accidental discoverj' 
of islands of cartilage in the tongues of two adults led Gentscheff to make further 
investigation of the matter Including the two cases first observed, cartilage was 
found in the tongue in nine of thirty-four subjects of necropsy, three times in 
infants from 1 to 16 days old, once in a child 454 years old, and five times in adults 
aged from 57 to 68 years The cartilaginous islands, which may be single or 
multiple, were ahv^ays situated approximately 1 cm from the tip of the tongue 
at a depth of from 1 5 to 4 5 mm from the inferior surface Gentscheff concludes 
that the cartilaginous islands are phjdogenetic skeletal rests of the cartilaginous 
rod of the reptilian tongue and that they correspond to the lyssa of the tongue 
of carnivorous animals _ 

O T Schultz 
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TaE A\ial Skeleton in ANENcnPH-VLY and Craniorachischisis B Deppe, 
Virchows Arch f path Anat 293 153, 1934 

Study of a series of fetuses presenting varying grades of anencephaly and 
craniorachischisis led Deppe to conclude that maldevelopment of the central nervous 
system is the primary anatomic factor, to which the failure of union of the bones 
of the cranium and vertebral column is secondary Ribs and vertebral bodies 
are formed in normal numbers but are often fused The characteristic distortions 
of the spinal column are the result of mechanical factors, such as pressure and 
muscular traction, to which the open vertebral column is less resistant than the 
closed one O T Schultz 

Changes in the Central Nervous Svstcm Due to an Electric Current 
S Jellinek and E Pollak, Virchows Arch f path Anat 293 165, 1934 

Death usually results so quickly after electric shock that the central nervous 
system reveals only slight changes If necropsy is delayed, it may not be possible 
to decide to what extent the changes noted are postmortem m character The 
brains of two persons who died twenty-four hours and six days, respectively, after 
contact with an electric current were examined microscopically In the second 
case the observations were complicated by the fact that death was due to tetanus 
In both cases the most striking features were engorgement of the venules and 
arterioles and microscopic hemorrhages The latter were most numerous in the 
tissue about the ventricular system, especially about the third and fourth \entricles 
and the aqueduct In the first case there was also calcium incrustation of the 
small vessels and capillaries of the globus palhdus as well as deposition of calcium 
about tlie vessels in the form of droplets The localization of this process is 
ascribed to the course and structure of the vessels of the globus, to which the 
changes noted after carbon monoxide poisoning are also ascribed The authors 
postulate damage to endothelium and metabolic changes m it and in the immediately 
surrounding tissue O T Schultz 

Artefacts in the Central Nervous Sistem in Relation to Changes Ascribed 
TO AN Electric Current F Boemke, Virchows Arch f path Anat 293 180, 
1934 

Schridde has repeatedly maintained that in his large material he has never 
seen hemorrhages in the brain as the result of the passage of an electric current 
Larger hemorrhages he ascribes to the fall which the electrically shocked person 
usually sustains The minute capillar 3 ’^ hemorrhages described by Jellinek, he 
maintains, are pure aitefacts In the work here reported, which was carried out 
in Schridde’s institute, the brains of ten persons who had not died of electric 
shock were examined for changes previously ascribed to electric currents, these 
brains had been removed in the usual course of necropsies In fifteen other 
necropsies the brains were somewhat more carelessly removed and were squeezed 
by the hands in removal Not only in the second group of brains, but also m 
the first, the author claims to have observed all the alterations that others have 
ascribed to electric currents Such changes are all artefacts due to the force used 
in removal of the brain Minute areas m which the tissue does not take the 
myelin sheath stain well, described by Jellinek, are due to faulty staining technic, 
according to Boemke q ^ Schultz 


Microbiology and Parasitology 

Apical Localization of Pulmonary Tuberculosis Jerome J Hurwich and 
George Milles, Am Rev Tuberc 31 151, 1935 

In monkeys following intravenous injection of tubercle bacilli many of the 
bacilli are picked up by the endothelial cells of the capillaries of the lungs Thej 
are then ingested by macrophages and either enter the pulmonary veins to be 
distributed over the entire body or are excreted into the alveolar spaces Apical 



486 


ARCHIVES OF PATHOLOGY 


tuberculosis may be due to an excretion of tubercle bacilli from the blood stream 
into the alveolar spaces of the apexes, where aeration is deficient, the tubercle 
bacilli having reached the blood stream from the primary tuberculous complex 

H J CORPER 

Xhc Stability of thl Coloniai Morphology akd 3?athogenicity or !BCG 
Dorotht M Behner, Am Rev Tubcrc 31 174, 1935 

BCG (Bacillus Calmette-Guenn) did not acquire virulence in laboratory cultures 
on liquid mediums containing either normal human serum or homologous antiserum, 
or in the depths of nutrient broth, or by successive selection for propagation of 
smooth-appearing colonies on solid mediums, or by repeated passages through 
animals The morphologic variation seen in the colony under different environ- 
mental conditions was not accompanied bj enhanced pathogenicity A virulent 
bovine strain was resistant to laboratory modification, but a slight attenuation m 
the virulence was produced together with a slight morphologic change in the colony, 
which acquired some characteristics usually associated with the rough variant 
A\ian strains were found to be labile, acquiring morphologic changes m colonial 
type in both S to R and R to S directions, and also some marked variations of 
each type, together with changes in pathogenicity under environmental conditions 
similar to those imposed on BCG strains jj j Corplr 


Lesioxs in Rabbits Foi lowing Inocuiauon with Bacilius Calmette-Guprin 
(BCG) W H Feldman, Am Rev Tuberc 31 323, 1935 


A strain of Bacillus Calmette-Guerm obtained from Calmette in 1930 and sub- 
sequently giown for twenty generations on an egg glycerin medium was transferred 
to glycerin peptone broth and with this culture six rabbits were inoculated 
intravenously and four guinea-pigs subcutaneouslj One of the rabbits died 
ten days after inoculation and the other five were killed one hundred and 
seventy-four days after inoculation Numerous and striking focal lesions morpho- 
logically like tubercles were found m the lungs of each of the five rabbits Attempts 
to culture acid-fast bacteria from the lesions were futile, although bacteria of tins 
character were readily demonstrable in appropriately stained sections of the lesions 
Emulsions prepared from the involved tissues m each of the five rabbits failed 


to produce demonstrable lesions in other rabbits or guinea-pigs, and attempts to 
repeat the results in later experiments failed The results indicate that Bacillus 
Calmette-Guerm m the lungs of rabbits may at times produce numerous and exten- 


sive tubercle-like lesions 


From the Author’s Summari 


Trichixosis W W Spink and D L Augustine, JAMA 104 1801, 1935 

Thirty-five sporadic cases of trichinosis occurring in and around Boston during 
the past three years were analyzed The most reliable diagnostic aid in these cases 
was the presence of eosmophilia The skin test usually became positive about the 
seventeenth day of the infection and the precipitin test usually at the end of the 
fourth week These tests were of especial diagnostic aid m the early stages of 
the disease, when they were first negative and later became positive Mild sporadic 
and chronic cases of trichinosis were often detected only by these tests Other 
laboratory procedures, such as searching for the parasite in the stools, blood and 
spinal fluid, were time-consuming and the larvae only rarely found 

From the Authors’ Summari 

The Relamon of Bacterium Granulosis ro Trachoma F F Tang and C H 
Chou, J Infect Dis 56 264, 1935 

Attempts to isolate Bact granulosis from 179 cases of classic trachoma failed 
le specimens used for cultivation consisted of lacrimal secretions, epithelial scrap- 
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angs, follicular contents and .tarsectomtzed tissue The mediums used were the 
semisohd “leptospira” medium of Noguchi and carbohydrate blood agar plates 
Attempts to induce trachoma m rhesus monkeys and in man by subconjunctival 
injection of cultures of Bact granulosis dailed 

A disease of the conjunctiva characterized by follicle formation but with no 
pannus formation or papillary ihypertrophy was induced in two of nine monkeys 
inoculated with human trachomatous material Bact granulosis was not isolated 
at any >time from either of these animals 

Antibodies against Bact granulosis could not be demonstrated in the serums 
of twenty-six subjects suffering from acute or chronic trachoma 

'From the Authors’ Conclusions 


The Influence of the pn on Dissociation of Bacillus Friedlander and 
Mycobacterium Tuberculosis W Steenken Jr , J Infect Dis 56 273, 
1935 

B Friedlander dissociates best in mediums of acid reaction Myco-tuberculosis- 
humams (’Hsr) becomes attenuated on acid synthetic mediums buffered with tenth- 
molar double potassium phosphate salts and on weakly buffered glycerol beef broth, 
and retains its pathogenicity on buffered alkaline synthetic medium prepared with 
double potassium phosphate salts Acid glycerol potato bile medium favors attenua- 
tion of BCG If BCG IS grown on buffered synthetic medium over a period of 
a year or more it may regain its virulence Stock medium weakly buffered above 
pn 7 tends to become acid on standing in an incubator 

From the Author’s Conclusions 

Experimental Brucelliasis in Dogs W H Feldman, J L Bollman and 
C Olson Jr , J Infect Dis 56 321, 1935 

Two strains of Brucella abortus obtained from a swine and a bovine source, 
respectively, were introduced into eleven adult mongrel dogs to determine (1) if 
they would induce a definite state of disease and (2) if there was any significant 
difference in their pathogenic behavior Five of the dogs received the bacteria 
in suspension intravenously Six were made to fast for twenty-four hours and then 
were fed the organisms imixed with raw meat 

Brucella agglutinins developed as early as ithe fourth day in the animals , receiv- 
ing the vorganisms intravenously iln this group titers of from 1 800 to 1 1,600 
were not uncommon one week after the introduction of the organisms Successive 
titers varied considerably in many cases In the animals receiving the infective 
agent orally the agglutinative response was much slower and never so pronounced 
In a few cases it was possible to isolate Brucella abortus from the blood stream 
but only within two or three weeks after the introduction of the infective material 
From two/Of the dogsut was (possible to recover the organism in the urine 

Although most df the dogs lived for several months after (receiving the bacteria 
clinical sj'mptoms of disease and specific lesions of minor significance were observed 
IP only one dog From only two of the dogs were the organisms recovered after 
death , both had received the infecting inoculum intravenously, one dog thirty-nine 
days and the other one hundred and eighty-five days previously 

There was no discernible difference in the pathogenic propensities of the two 
varieties of ‘Brucella abortus used 

While the dog is capable of producing Brucella agglutinins following experi- 
mental introduction of either the swine or the bovine variety of Br abortus, a 
profound resistance to the organism exists which precludes, in most instances the 
development of clinical symptoms and specific lesions 

From the Authors’ Summary 
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Experiments with the Virus of Infectious Ectromelia A W Downie and 
C A McGaughey, J Path & Bact 40 297, 1935 

Growth of the virus of infectious ectromelia in tissue cultures could be inhibited 
for several days through the action of immune serum Even when sufficient immune 
serum was present in the cultures to neutralize the virus (bj’’ in vivo tests) the 
virus was not killed Multiplication of the virus in the presence of immune serum 
could always be demonstrated after from eight to twelve days’ incubation The 
state of the virus used as the inoculum was important m determining the effect of 
the immune serum When a Berkefeld filtrate was used the inhibitory action of 
immune serum was readily demonstrated With culture virus the tissue cells in 
the inoculum seemed to protect the virus from the immune serum and no inhibition 
of growth was apparent From the Authors’ Summary 

Isolation of the Virus of Pleuropneumonia F F Tang et al, J Path & 
Bact 40 391, 1935 

The virus was isolated by ordinary methods and cultivated on various mediums, 
particularly Bennett’s broth (/ Comp Path S' Therap 45 257, 1932) Fne stages 
of development are described elementary bodies (rings, granules and a few coccoid 
forms and rods) , a stage in which filaments formed from elementarj' bodies , 
branching of filaments , formation of chains bj the protoplasm in the filaments , 
disintegration of the chains into elementary bodies No serologic differences could 
be made out in the different strains studied 

Combined Chemotherap's of Experimental fR^PANosoMi Infections C H 
Browning and R Gulbransen, J Path &. Bact 40 425, 1935 

In experimental infections with a strain of Trypanosoma brucei in mice it has 
been shown that combined therapy in which tryparsamide and a styryl compound 
are used in sequence produces a greater curative effect than follows the use of 
much larger doses of either substance alone The evidence is strongly in favor 
of this result being more than a mere summation of effects It is left undecided 
exactly how this “potentation” or “synergic” action is produced, but it should be 
noted that tryparsamide is quickly absorbed and excreted and its trypanocidal action 
is fairly rapid, whereas the styryl compound is slowly absorbed and acts gradually 
Accordingly the advantage of combined treatment with the pair of drugs studied 
may be due to the prolonged influence of the styryl compound on parasites weakened 
by the arsenical drug, as well as to the fact that the substances differ widely in 
chemical constitution and so are likely to attack the parasites at different points 
(receptors) 

THE Authors' Summary 

Tuberculous Arteritis W G Barnard, J Path & Bact 40 433, 1935 

A case of tuberculous inflammation of the internal carotid and coronary arteries 
m which there was no evidence of spread from a neighboring focus is described 

From the Author’s Summarx 

Staphylococcic Bacteriophages F M Burnet and D Lush, J Path & Bact 
40 455, 1935 

A study has been made of the phages lysing Staphylococcus aureus and of the 
relation of these phages to those previously studied which Ijse a white coccus 
“S F ” Differences among aureus strains m normal susceptibility to phage or 
resulting from acquired resistance are almost entirely of a nonspecific quantitative 
type Normal aureus strains that are almost completely insusceptible to a strong 
phage adsorb it as readily as a susceptible strain Strains with true induced resis- 
tance fail to adsorb phage On general characters aureus phages can be divided 
into ‘ strong” and "weak ” All produce small sharp-edged plaques on agar A 
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method of preparing high titer filtrates of weak phages by growth on cellophane 
agar at 22 C is described The aureus phages may be divided serologically into 
three distinct types S F phages fall into four serologic types, one of which is 
common to the aureus phages As with B coli-dysenteriae phages all staphylo- 
coccic phages of a given serologic type react uniformly with regard to photodynamic 
inactivation by methylthionine chloride (methylene blue), power to grow on citrated 
mediums and inactivation by strong urea solution Sharp distinctions may exist 
between different serologic types There are clear resemblances between one 
serologic group of the strong aureus phages and the commonest type of small- 
plaque B coli-B dysenteriae phages (serologic group II of that senes) which 
suggest a close biologic relationship between the two groups 

From the Authors’ Sujimary 


Studies of Tvphus P Lepine, Ann Inst Pasteur 51 290, 1933 

The paper reports studies of "the existence of a murine typhus virus in the 
western Mediterranean Basin and its characteristics ’’ A strain of virus producing 
scrotal reactions in guinea-pigs in a manner similar to that of Mexican typhus, 
and infecting guinea-pigs and monkeys, was found commonly in the brains of 
wild rats The virus attacks man, resulting in a benign infection, very probably 
through fleas, which are regularly infected The relationship to other similar 
exanthematous fevers is discussed g Marshall 


Tumors 

Metastasis in Squamous Carcinoma L W Price, Am J Cancer 22 1, 1934 

The evidence available indicates that there is no correlation between the clinical 
condition of the patient and the development of distant metastases There is no 
constant relationship between the site of the primary tumor and the site of the 
distant metastases The commonest sites for metastases m this series were lungs, 
thirteen cases, liver, seven cases, kidneys, five cases Less frequently metastases 
were formed in other situations From a wider consideration of the development 
of metastases from numerous primary tumors of various types the only consistent 
feature that emerges is that tumors arising in certain primary sites have a tendency 
to form metastases in certain tissues of predilection There is a peculiar relation- 
ship between the site of the primary tumor and the site of the secondary deposits 

From thl Author’s Conclusions 


Melanotic Neoplasms of the Skin S W Becker, Am J Cancer 22 17, 1934 

Modern study of pigment, carried out mainly by means of the silver and dopa 
reactions, shows that at the junction of the epidermis and dermis there are 
specialized cells which are capable of forming pigment The first sign of pigment 
activity m the embryo is a positive dopa reaction m a branched cell m this 
location This is followed by the appearance of melanin granules in the branched 
cells and later m the palisade basal cells These pigment-forming cells are called 
“melanoblasts” in contradistinction to phagocytic dermal cells which are called 
“chromatophores ” An increase in the number of melanoblasts at the epidermo- 
dermal junction results m a smooth brown nevus In elevated nevi masses of 
pale-staining cells are seen m the dermis which are similar in staining properties 
and pigment content to the epidermal melanoblasts and are thought to be derived 
from the same source The source of melanoblasts is not definitely Icnown, but 
more and more workers are accepting the nervous origin If melanoblasts are 
located deep in the dermis a blue nevus or mongolian spot results The distribution 
here is essentially the same as m the blue skin of the ape Pigment activity due 
to irradiation by ultraviolet or alpha rays consists first of prominence and branchino 
of melanoblasts, followed by hj perpigmentation of palisade basal cells Picmem 
activity occurring spontaneously with no demonstrable cause results in the same 
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histologic picture, and the lesion is known as “lentigo,” which has nothing to do 
with the common freckle known as “ephelis” If this stimulation of pigment 
activit}'' increases to the point of melanoblastic proliferation, the lesion is kno^\n 
as ^lentigo maligna” and is already malignant melanoma Further activity results 
m melanoma of the fusiform cell type— the so-called melanosarcoma— or of the 
ovoid cell type known as “melanocarcinoma ” The occurrence of both types of 
cell m the same primary or metastatic growth demonstrates the futility of trying 
to classify them as sarcoma or carcinoma, tiie best designation being malignant 
melanoma” Melanoma arising from a pigmented nevus has its origin in the 
melanoblastic cells at the epidermodermal junction and not in dceplj Iving ne\us 
cells as has been sometimes supposed “Melanotic epithelium” and “pigmented 
epithelioma” are terms used to designate a benign epidermal neoplasm containing 
considerable melanin These lesions are closelj related to the so-called senile or 
seborrheic verruca and almost never undergo malignant degeneration Stud% 


of cutaneous carcinomas showed that 33 per cent of the basal cell tumors, 14 per 
cent of the intermediate, 9 per cent of the mixed and 7 per cent of the squamous 
cell tumors contained melanin demonstrable bj' the silver technic The pigment in 
these tumors is due to the presence of melanoblasts which cannot be distinguished 
from normal melanoblastic cells as regards tjpe and arrangement of melanin 
granules In rather unusual cases carcinoma of the breast which has invaded 
the skin is intimately associated w'lth melanoblastic cells, which are also normal 


From thl Author’s SuMM\n\ 


Ewing’s Sarcoma C L Connor, Am J Cancer 22 41, 1934 


From the three cases recorded here I believe one mav say that an endothelioma 
of bone is much like a malignant endothelioma elsewhere, and that it does not 
respond readily to treatment with x-rays but disappears gradually and slowly as 
compared, for instance, wuth a metastatic lymphosarcoma or a neuroblastoma in 
bone, but at the same time much more rapidlv and surely than an osteogenic 
sarcoma or the av^erage metastatic carcinoma Since my previous report I have 
discovered that metastatic lymphomatous tumors are the most difficult to differen- 
tiate from endothelial myelomas Tlie former may manifest themselves first as 
bone tumors, and it may not be until generalized Iv mphadenopathy in superficial 
areas occurs that the question of a lymphoma is raised Perhaps there is more 
evidence that this tumor differs from a lymphosarcoma and other hematocyto- 
blastic tumors in the fact that metastases to the Ijniph nodes were not present 
in any of these cases Ewing’s sarcomas constantly metastasize to the lungs, 
behaving m this respect like connective tissue sarcomas, m contrast to lympho- 
sarcomas and myelomas It maj"^ be found on further studj' that metastases to 
the lymph nodes are not common, and an opinion to the contrarv, previouslv" 
expressed, may have to be revised Anotiiei revision can be made with the 


evidence at hand 
and form bone 


The tumor cell of Ewing’s sarcoma can become an osteoblast 

Author’s Summary 


The Utilization of Simple Derivatives of Glucose by Mouse Sarcoma 
O O Meyer, C McTiernan and W T Salter, Am J Cancer 22 76, 1934 

A study of the glycolytic breakdown of various carbohydrates by tumor tissue 

shows the same sugars glycolyzed as are utilized by normal tissue The anomalous 

aspect of the carbohydrate metabolism of malignant tissue springs from a difference 

in degree rather than in kind a > r- 

UROM THE Authors Conclusions 


Avimonia Production b\ Sarcoma The Sparing Effect of the Carbohvdrate 
W T Salter and P D Robb, Am J Cancer 22 87, 1934 

The utilization of various carbohydrate derivatives by mouse sarcoma 180 has 
been studied with respect to the lessening production of ammonia by the malignant 
tissue The carbohydrates with which there is the most decrease in the production 
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of ammonia by sarcoma are those which are best glycolyzed That liver sliows 
no such effect is consistent with its low glycolytic index Cyanide affects neither 
glycolysis nor the sparing of ammonia, but lodo-acetate checks both The total ot 
Lnprotem nitrogen eliminated is unaffected by the presence of sugars which spare 
ammonia From thh Authors’ Conclusions 


Arsenical Keratoses and Carcinoma C C Franseen and G W Taylor, 
Am J Cancer 22 287, 1934 

Nine cases of carcinoma due to arsenic and five cases probably of arsenical 
origin are reported Arsenic deposited m the skin may manifest its carcinogenic 
property as late as forty years after the ingestion of, or occupational exposure to, 
arsenic The carcinogenic property of inorganic arsenic is not universally appre- 
ciated, and, as a result, carcinoma of the skin may inadvertently be produced 
Inorganic trivalent arsenic, usually in the form of Fowler s solution (solution of 
potassium arsemte), appears to be the chief carcinogenic agent Chronic arsenical 
lesions following the administration of organic arsenical compounds are exceedingly 
rare Arsenical carcinomas are not invariably of the squamous cell type, as 
evidenced by the fact that more than one third of the carcinomas in this series 
were of the basal cell type Although the malignancy of the squamous cell lesions 
is usually of low grade, metastasis to the groin and axilla is not infrequent, as 
attested in our series in nine lesions, two thirds of which were graded 1 histo- 
logically With all lesions of considerable size, therefore, the regional lymph 
nodes should be removed, m spite of low histologic grading Patients with early 
arsenical lesions may be spared extensive operations or untimely death by 
prophylactic destruction of precancerous arsenical keratoses, or, by careful and 
frequent observation, these keratoses may be destroyed at the moment malignant 
changes threaten From the Authors’ Conclusions 


A Neoplastic Disease or the Kidnev of the Frog B Lucre, Am J Cancer 

22 326, 1934 

Three of 276 leopard frogs with neoplastic disease of the kidney had tumors 
in organs distant from the kidneys one, in the liver and bladder, a second, in the 
liver and left orbit, and a third m the liver These tumors are believed to represent 
true metastases The occurrence of such metastasis in cold-blooded vertebrates 
generally is discussed Author’s Summarv 

Roffo’s Test in Cancer Statistical Results of 11,000 Cases A Gandoleo, 
Am J Cancer 22 363, 1934 

Though Roffo’s test is not specific, it is of value as an auxiliary method in 
the diagnosis of cancer The technic is as follows To 1 cc of fresh, clear serum, 
5 drops of 1 per cent neutral red in distilled water are added If the serum 
assumes a red color, the reaction is regarded as positive A yellowish hue indicates 
a negative reaction The following precautions are to be taken 1 The serum 
IS not to be obtained by centrifugation, the blood must coagulate and the limpid 
serum be extracted by means of a suction pipet, the slightest trace of hemolysis 
altering the results 2 The blood must be withdrawn before breakfast, in order 
to avoid the influence of nutritive lipoids 3 Neutral glass tubes must be used 
as alkalinity influences the results ’ 

A negative test does not exclude the presence of a tumor, a positive test should 
induce one to continue investigations, in order to discover the tumor as the 
proportion of erroneous positive results is small (6 37 per cent in 6,718 cases) 
^ high percentage of positive results in cancer of the uterus 

mllr" bladder (72 41 per cent), stomach 

(7626 per cent) intestine (76 per cent), liver (8420 per cent), pancreas (84 61 per 

(7?4^ p? clnt)^^ alf^of P^^ ‘^ent), and m osteosarcoma 

diagnosis ' generally offer greater difficulties in clinical 

From the Author’s Summary 
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Benign Neoplasms of the Rat’s Breast J Hfiman, Am J Cancer 22 497, 
1934 

Benign fibroma and fibro-adenoma of the rat breast are easily and continuously 
transplantable They grow, "when transplanted, not only in the region of the 
mammary glands, but also in the axillae, groins, nape of the neck and outer side 
of the thigh and in the abdominal cavity The transplanted tumors do not always 
retain the structure of the spontaneous tumors from which they arc derived The 
transplantability of a tumor is not a criterion of malignancj Although the growth 
energy of these tumors fluctuates widely, there has been no cessation in one senes 
for fifty-three generations, and m a fourth senes for sixteen generations, during 
a period of ten years They grow as readily in adult rats as in young rats In 
the former the growth tends toward glandular hyperplasia, in the latter toward a 
marked increase of fibroblasts Three of the six primary fibro-adenomas of the 
breast which were transplanted through four generations or more became actively 
growing cellular tumors with the morphology of sarcoma Some of the tumors 
ulcerate through the skin, but this is due only to pressure on the slan and is 
not an evidence of malignancy With a large number of inoculations and the 
implantation of two or more fragments 3 mm in diameter, these benign tumors 
are readily transplantable for many generations in suitable hosts The benign 
tumors as they develop into sarcoma require smaller and fewer fragments for 
transplantation Dr Otto F Krehbiel has transplanted one such tumor bj the 
trocar method, using 3 mg of tumor substance, for fifti'-six generations Of 
sixteen rats with spontaneous benign tumors, six (37 per cent) yielded tumors 
transplantable for from four to fifty-three generations 

From the Author’s Summary 

Teratoma or Testis C C Heugcr and A A TinnAunEAU, Am J Cancer 22 
525, 1934 

The embryonal carcinomas with Ijmphoid stroma proved the most radiosensitive 
and yielded the most satisfactory clinical results Experience wnth the quantitatne 
Aschheim-Zondek reaction convinces us of its value as a diagnostic procedure and 
as an aid m the conduct of treatment Authors’ Summarx 


The Carbohydrate Tolerance in Cancer and the Ermci or Roentgen 
Radiation F H L Taylor and H Jackson Jr , Am J Cancer 22 536, 
1934 


In only one third of thirty-five patients with cancer w'as a decreased tolerance 
for dextrose found prior to the institution of roentgen therapy Consideration must 
be given to the fact that a lowered tolerance for dextrose is not an uncommon 
tendency in persons between 55 and 70 years of age, particularl> if they are 
suffering from malnutrition The presence of a lowered tolerance for carbohj’’drate 
in patients with cancer is not diagnostic nor is it of assistance in prognosis How- 
ever, a progressively increased abnormality of the tolerance for carbohj^drate may 
be regarded as an unfavorable sign Roentgen radiation has no consistent effect 
on the sugar tolerance of cancerous patients No relationship has been found 
between the decreased toleiance for sugar occurring in some patients wuth cancer 

and the total serum calcium « 

Froai the Authors Summarx 


Round-Cell, Spindle-Cell, and Neurogenic Sarcomas of the Lip T 
de Cholnoky, Am J Cancer 22 548, 1934 

In the available literature reports of 20 cases of sarcoma of the hp were found, 
in only 5 of which complete records were given Four additional cases are 
reported one of round cell sarcoma of the upper hp, two of spindle cell sarcoma 
and one of neurogenic sarcoma of the lower lip In all cases the growth was 
on the vermilion border In three of the cases the sarcoma was treated by wide 
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local excision followed by dissection of the regional nodes The tumor on the 
inner ho was removed by electrocoagulation The patients were all symptom-free 
after ienS Inths (te on\ rvA round cell and one of the two mti, 

SSircell sarcoma), etght months (the one with neurogen, c sarcoma), and four 
years (one with spindle cell sarcoma) From the Author’s Summary 


Metabolic Studies in Mouse Leukemia J Victor and M R. Wintersteiner, 
Am J Cancer 22 561, 1934 

The oxygen consumption, aerobic glycolysis and anaerobic glycolysis of lymph 
nodes of normal mice and of those inoculated with different lines of transmissible 
lymphatic leukemia were measured in animals in which age and genetic constitution 
were controlled There are metabolic differences between normal and leukemic 
lymph nodes Inherent metabolic differences were observed not only between 
different lines of leukemia derived from the same organ in different spontaneous 
cases, but also between lines derived from different organs in the same spon- 
taneous case The metabolism of the individual line of transmissible leukemia 
was consistent during the period of observation In no case was the oxygen 
consumption of leukemic nodes less than normal The anaerobic glycolysis was 
always greater than normal The results are statistically compared with others 
reported in the literature Factors causing variations in results are discussed 

From the Authors’ Summary 


The Bearing of Genetic Work with Transplanted Tumors on the Genetics 
OF Spontaneous Tumors in Mice C C Little, Am J Cancer 22 578, 1934 

“The skepticism and criticism of genetic work by non-geneticists is no new 
development in the broad field of cancer research Similar attitudes might be 
cited on the part of surgeons for radiologists, on the part of chemists for patholo- 
gists, and vice versa The point seems to be that, as our knowledge of the 
complexity of cancer increases, greater intolerance by various specialized groups 
and individuals, for the work of specialists of other types, is needed In the fight 
against cancer, experimental genetics certainly has its place In the further 
development of cancer research, in all three levels of transplantable, induced, and 
spontaneous tumors, the genetic point of view will eliminate or analyze variables 
and will continue to make for accuracy and predictability of results ’’ 


The Development of Multiple Tumors in Tarred and Radiated Mice M C 
Reinhard, a a Thibaudeau and C F Candee, Am J Cancer 22 590, 
1934 


As a result of one experiment involving the use of more than one hundred 
mice there is no evidence that short wavelength radiation changes the susceptibility 
of mice to the production of tar tumors, nor does the radiation alter the carcinogenic 
power of the tar used in this experiment We believe that the low incidence of 
spontaneous tumors in the nomrradiated mice is a direct result of the tarring In 
the irradiated group the low incidence may be attributed to the tarring also, or 
to the irradiation, or to a combination of both Of course, it is possible that the 
occurrence of the spontaneous tumors has merely been retarded, and, had the 
mice lived bnger, a percentage of mammary carcinomas might have been obtained 
which would more nearly approximate the normal expectancy The appearance 
of the multiple tumors, distant in all cases from the site of painting, mav be 
considered as evidence in favor of a general action of the tar This is esneciallv 
emphasized by the very striking absence of tumors at the site of painting The 
possibility of chance contact must not be overlooked, but in view of the failure 

oJ'lu possibility IS somewhat rernote 

On the other hand, we again point to the difference in the histologic oirfiir<^ 
between the multiple sebaceous adenoma produced in this series i 

tar cancer produced locally by repeated paintings with this agent yptCR 

From the Authors’ Summary 
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A Study of the Serum of Chickens Resistant to Rous Sarcoma F G 
Banting and S Gairns, Am J Cancer 22 611, 1934 

Serum lesistant to Rous sarcoma neutralizes extract of Rous tumor, tins 
neutralization occurs during incubation The neutralizing power is destroyed 
between 70 and 80 C Intravenous administration of the scrum has no effect 
on a growing Rous tumor Scrum resistant to Fujmami sarcoma docs not 
neutralize Rous tumor extract Serum resistant to Rous sarcoma does not 
neutralize Fujinami extract From the Authors’ Summarv 


Rous Sarcoma Tissue Grafts ix Susceptible axd Resistant Chickens D 
Irwin, S Gairns and F G Banting, Am J Cancer 22 615, 1934 

In both susceptible and resistant birds all the tumor cells of Rous sarcoma sac 
grafts became necrotic In susceptible birds the host cells surrounding the sac 
grafts gave rise to fatal tumors In resistant birds small amounts of tumor-hke 
tissue formed adjacent to the sac graft, this tissue failed to take on malignant 
characteristics and subsequently regressed Cells and the tumor-producing sub- 
stance in the sac grafts did not survive more than forty-eight hours in resistant 

From the Authors’ Summary 


Nephrogenic Tumors C F Geschickter and H Widenhorn, Am J Cancer 
22 620, 1934 


In spite of the difficulty in demonstrating the remains of embryonic nephrogenic 
tissue in the more slowly growing malignant nephromas, and in the nephrogenic 
zone of the opposite kidney, comparisons of the Wilms tumor, the benign and 
malignant cystadenomas and the more rapidly growing malignant nephromas in 
young adults indicate that all of these nephrogenic tumors have their origin in 
the same mother substance Judging from the microscopic studies, this tissue 
of origin is the renal blastema, a compact growth of spindle cells m Inch differentiate 
into small tubular structures composed of oval epithehal-hkc cells This type of 
primitive tissue predominates in the Wilms tumors in children, the spindle cells 
being more prominent than early tubule formation In many of the benign and 
malignant cystadenomas of young adults, spindle cells and small tubules composed 
of oval epithelial cells predominate, particularly in those growths which have 
undergone malignant change In the nephromas, occurring in old age, the blastemal 
elements are difficult to demonstrate, except in the more malignant and rapidly 
growing ones, but nevertheless they do occur Taking the three groups of tumors 
as a whole, the shift from immature spindle to adult epithelial forms appears to 
represent the cycle of grow'th within the individual tumor, and the extent of 
maturity reached, as shown microscopically by scarcity or prevalence of larger 
epithelial elements, can be correlated definitely with the age incidence of the 
tumor and its relative degree of malignancy The fact that all of these neoplasms 
show a distinct tendency to make then appearance just beneath the capsule in 
the normal growth zone of the kidney, and the fact that the cortical zone of renal 
tissue normally continues to grow until adult life, relate all of the grow'ths to 
a single type of developing tissue Hence the present study seems to indicate that 
the variations in structure which make for separate types of tumor are the expres- 
sion of the various rates of growth and the extent of differentiation achieved by 


the individual form of tumor, rather than of their origin from separate and 

distinct tissues !-•„ « , r- 

UROM the Authors Summary 


Carcinoid Tumors or the Sjiall Intestine E M Humphreys, Am J Cancer 
22 765, 1934 

In a series of 3,200 cases in which autopsy was performed there were 3 of 
carcinoid tumor with metastases in regional lymph nodes In 2 of these the 
carcinoids were multiple, one with 2, the other with 9 independent tumors In 2 
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cases the lumen of the bowel was narrowed appreciably, and while the clinical 
evidence, though suggestive, was not conclusive, the anatomic features indicated a 
low grade intestinal obstruction In the same series there were 5 cases of solitary 
carcinoid tumor without metastases, 1 in the jejunum, 3 in the ileum and 1 m 
the rectum (a carcinoid polyp) Thus in this series there was an incidence for 
all carcinoids of 025 per cent, for carcinoids of the small intestine, 022 per cent, 
for multiple carcinoids, 006 per cent, and for metastasizing carcinoids, 0 09 per 
cent From a study of these cases and of case reports in the literature, it is evi- 
dent that the carcinoid tumor of the small intestine is a far from harmless lesion 
Of 152 tumors, 24 4 per cent had metastasized, and 24 per cent were responsible for 
symptoms of intestinal obstruction The incidence of multiple carcinoids m the 
latter series was over 30 per cent From the Author’s Sumjiarv 


The Relations of Tissue Metabolism to Constitutional Predisposition to 
Cancer B Walthard, Ztschr f Krebsforsch 40 447, 1934 

Walthard has observed, as have others, that in degenerating tissues there is 
frequently a diminution of oxidative activity accompanied by an increase of aerobic 
glycolysis As not nearly all changes of this sort are antecedent to cancer, he is 
inclined to question Fischer-Wasels’ identification of this type of change with the 
appearance of the cancerous predisposition In his opinion, the nature of this 
predisposition cannot be identified so simply, and still remains unknown 

H E Eggers 


The Long-Time Trend of Cancer Statistics S Pelllr, Ztschr f Krebsforsch 
40 465, 1934 

Peller was among the first to suggest that cancer statistics, properly evaluated, 
show a diminution of the disease Here he summarizes the results of such an 
evaluation of statistics from world-wide sources and reaches the conclusion that 
during the last twenty-five years there has been a real diminution m the frequency 
of cancer This has been accompanied by changes in the relative frequency of 
primary sites, some of these showing a real increase For males, he has no explana- 
tion to suggest for this shift, but for females he believes that diminished child- 
bearing may be responsible The general diminution cannot be explained by 
improved therapeusis, since it occurs very strikingly in such inaccessible cancers 
as those of the stomach and esophagus The statistics of Vienna for the last few 
years indicate that here there has been a reversal of this trend, with an actual 
increase there of mortality from cancer, but even so, the actual (corrected) rate 
there is smaller than it was from twenty to thirty years ago tt •n- tTf-rr 


The So-Called Peripheral Reaction of Tumors and Their Metastases 
J R M Innes, Ztschr f Krebsforsch 40 527, 1934 

A very considerable series of malignant tumors, both primary and metastatic, 
were studied with a view to the reaction of the immediately surrounding tissues 
The picture was in all cases essentially the same, consisting of lymphocytic infiltra- 
tion along with that of plasma cells and more or less connective tissue overgrowth 
Special features of reaction such as are occasionally seen with implanted tumors 
in animals Innes regards as being responses to the presence of material actually 
foreign to the new host He could also detect no relationship of this peripheral 
reaction to prognosis _ _ 

H E Eggers 


Cvst Foraiation K Englmann, Ztschr f 


Basal Celt Carcinoma with 
Krebsforsch 40 546, 1934 

nf ^ carcinoma with the unusual feature 

of small cysts filled with mucus in the infiltrated epithelium Five were primary 
on the face, the sixth was anal Englmann believes that the cysts are not the 
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result of epithelial degeneration, but of cellular secretory activity Unlike the 
usual rodent ulcers, these occur occasionally at early ages, two of the patients 
were aged 22 and 32 years, respectively Ulceration of these tumors is absent or 
late, the tumor progressing as a deep-seated thickening of the skin They run a 
slow course with indefinite infiltration, and may gne late metastases 

H E Eggers 


Technical 

Blood Wassermann Test in Neurosyphilis W C Menninger and L Brom- 
berg, J Lab & Chn Med 20 698, 1935 

In approximately 30 per cent of cases of active neurosyphilis in which tests of 
the spinal fluid are positive the Wassermann reaction of the blood fails to gne 
any indication of this process In 23 per cent neither the Kahn nor the Wasser- 
mann test of the blood is positive In view of this fact, syphilis, after the early 
stage, cannot in any case be regaided as completely studied, accurately diagnosed 
or correctly treated without knowledge of the cerebrospinal fluid 

From the Authors' Conclusions 


The Calibration or Graded Collodion MLMBU\Nrs W J Elford and J D 
Ferr\, Brit J Exper Path 16 1, 1935 

Methods are described for calibrating graded collodion membranes by' measure- 
ments of their thickness, their specific water content and the rate of flow of water 
through them and by calculation from these data of the average pore diameter 
The several assumptions involved have been critically examined and evidence pro- 
vided for their justification when applied to membranes of porosities greater than 
10 microns The relation of membrane structure and porosity is discussed, and a 
possible mechanism responsible for the gradation m the porosities of nitrocellulose 
films is advanced From the Authors’ Summvry 


Mechanising THE Viable Count J A Revniers, J Path & Bact 40 437, 1935 

An effort has been made to mechanize the counting of viable bacteria The 
thesis has been advanced that standardization of results can best be obtained by' 
mechanizing the technic To establish this thesis Revniers has applied mechanical 
principles to what is now considered standard technic, i e , the agar plate method, 
so that samples of cultures are treated in a uniform manner The mechanized 
technic, called for convenience the R method, consists essentially of a mechanical 
distribution of bacteria on one plane and in a definite pattern on an agar surface 
A comparison has been made between the R method, the standard method and the 
method of Wilson (roll tubes) The R method exhibits a lower percental mean 
deviation than either of the others This would seem to indicate that a greater 
degree of standardization is possible through the use of mechanical principles 
which limit the technical errors and provide a uniform growing surface The 
amount of growth obtained on an R plate is higher than is obtained with the 
standard or roll tube method By comparison with other methods the R plate 
IS easier to count because of the mechanical distribution of the colonies, and it 
permits the use of a mechanical counting device attached to a photo-electric cell 
Considering the entire procedure of the R, standard and roll tube methods, the R 
method is easier to use and permits considerable saving of time It is practical 
m field work because it allows the use of prepared agar disks, and can also be used 
in pure culture work -o 

PROM THE Authors Summary 
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PHILADELPHIA PATHOLOGICAL SOCIETY 

il/crj ch 14, 1935 

Morton McCutcheon, Picsidcni, m the Chair 

An Unusual Case of Chronic Tracheitis and Bronchitis D R Cojian 

The case is that of a girl years of age who came to autopsy at the Hos- 
pital of the University of Pennsylvania She was the seventeenth child of the 
mother It was noticed early that she had dyspneic and wheezing respiration, 
especially when nursing This difficulty increased and became particularly obvious 
when the child began to walk When about 20 months old she caught c(dd and 
was ill for two weeks with fever and occasional cough which persisted and became 
worse Four months later the child had real difficulty in getting breath, and at 
27 months she was dyspneic even at rest These spells came on three or four 
times a day and lasted for about an hour, during which the breathing was 
extremely labored The condition was progressive 

At the time of admission to the hospital the child had paroxysmal coughing 
and wheezing musical rales on expiration, and retraction of the intercostal spaces 
and supraclavicular fossae on inspiration Expiration was prolonged and the 
breath sound harsh Her temperature rose from 98 to 101 F A roentgenogram 
of the chest revealed considerable prominence of the lung markings and hili 
The diagnosis was “high obstruction, cause uncertain ” Bronchoscopic examina- 
tion revealed granulation tissue which bled easily in the trachea and bronchi 
Bacteriologic examinations gave negative results The child’s respiratory diffi- 
culty increased, and she died on Nov 2, 1934 

At autopsy the mucosal surface of the trachea and bronchi presented a red- 
dened, finely granular appearance with an overlying thin mantle of mucopurulent 
exudate This lesion extended from the larynx through the trachea and along 
the bronchi as far as could be traced grossly The lumens of the component parts 
of the respiratory tract were notably narrowed, and those of some of the bronchi 
were nearly occluded Remarkable on gross examination was a peculiar increase 
in the cartilaginous elements of the bronchial walls The cartilaginous plates 
were thicker and apparently extended farther out along the bronchial ramifica- 
tions than normal The lungs presented no other gross lesions 

The liver displayed on the broad anterior surface a few oat-sized yellowish- 
gray nodules A few similar tiny nodules were found lying deep in the liver sub- 
stance The contents of these focal lesions were soft, almost caseous 

The rest of the body presented no significant departure from the normal 
The diagnosis at the time of autopsy was exudative and productive tracheitis 
and bronchitis and chronic focal inflammation in the liver The peculiar increase 
m the cartilaginous elements of the respiratory tree suggested a congenital anomaly 
rather than an acquired lesion, and the clinical history of early respiratory diffi- 
culty seemed to substantiate this view 

Microscopic preparations of the trachea showed the greater portion of the 
mucosal surface replaced by a heavy layer of granulation tissue composed of 
budding capillaries and proliferating fibrous connective tissue There was a cellu- 
lar exudate composed mostly of monocytes and polymorphonuclears Beneath this 
la>er remnants of ductal and glandular structures were seen 

Sections of the lungs showed the larger bronchi to be the seat of a chronic 
inflammatory reaction similar to that seen in the trachea The most striking 
feature was the markedly thickened cartilage of the bronchi The surrounding 
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lung tissue showed patchy atelectasis and emphysema, and many of the smaller 
bronchi and bronchioles showed a peripheral aggregation of lymphocytes, mono- 
cytes and plasma cells, while the mucosa remained cssentialh unaltered 

Microscopic section of the liver showed well circumscribed collections of 
exudative, cellular and proliferative inflammatorj' reaction not dissimilar from the 
reaction m the trachea and bronchi The central portions of these foci contained 
densely packed cells of the large monoc 3 lic and plasma cell tjpe surrounded b\ 
a zone of granulomatous reaction 

Stains for acid-fast organisms revealed none 

As regards a diagnostic classification of these lesions, much remains in the 
realm of speculation 

Aschoff {Vcihandl d dcufsch path GcscUsch 14 . 125, 1910) speaks of 
“tracheopathia chondro-osteoplastica,” which he concludes is due to disease of the 
elastic bands of the trachea in which cartilage and bone are developed He cited 
two cases, both in elderly men In discussion of this, Steinberg stated that two 
forms of this lesion occur one which Aschoff has described and a chronic inflam- 
matory lesion Chian favored the existence of three t^pes, and Schmorl con- 
curred in this assumption (1) a process secondary to chronic inflammator\ 
lesions, (2) noninflammatory ecchondroses and (3) idiopathic noninflammatory 
new bone formation in the mucosa and submucosa 

The descriptions of cases by these and other men seem to refer more to an 
ecchondrosis than to a hypertrophy of the cartilage in its normal site, and their 
cases are apparently not of a character analogous to the case presented here, 
which, from its clinical history and from the results of gross and microscopic 
examination, suggests an underlying congenital hyperplasia of the normalU situ- 
ated cartilaginous plates with a secondary chronic inflammatory lesion on the 
basis of this malformation 

Minor Heaiagglutinins William P Belk 

The blood of a young man convalescing from acute infectious mononucleosis 
was found to contain (m addition to an iso-agglutimn of high titer) an auto- 
agglutinin, four specific hetero-agglutimns and heterohemob sms for the erjthro- 
cytes of the horse, sheep, rabbit and guinea-pig, as well as the rouleau-forming 
property 

The various characteristics of these several substances are described in detail 

The appearance of so many antibodies, including the heterophilic, in the same 
blood suggests the action of a nonspecific stimulus rather than that of the Forss- 
man antigen 

It is suggested that infectious mononucleosis mav be characterized not so 
much by the presence of heterophilic sheep agglutinins as by the appearance of 
a variety of antibodies 

Degenerative Changes in Blood Leukocytes Max M Strumia 

Although in recent years the morphologic examination of blood has made 
great strides, especially through the more general use of the nuclear shift of the 
neutrophils, a great wealth of information is still generally ignored In all 
toxemias certain degenerative changes take place in the circulating blood cells 
In the neutrophils they are particularly constant and easily determined For 
practical purposes, these lesions may be divided into alterations of the granules, 
alterations of the cytoplasm and nuclear changes The most obvious alterations 
of the granules are increase in size accompanied bj’’ h 3 ^perchromatism and poly- 
chromatophilia Later on, when cytoplasmic and nuclear changes occur, the 
granules become coarse, larger, pob'chromatic, and finally disappear In the 
cytoplasm there is edema with progressive separation of colloids leading to forma- 
tion of bald patches and vacuoles In the nucleus there is coagulation necrosis 
followed by swelling The changes in the granules referred to have been pointed 
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but more often under the term "tOMC granules ” However, early changes m 
the granules, hyperchromatism and polychromatophilia, may occur independent o 
any other lesion in the cell and seem to be independent of more serious degen- 
erative changes, such as fusion, swelling, basophilia, etc The rapid appearance 
or increase of the simple hyperchromatism and polychromatophilia of the neutro- 
philic granules and their rapid disappearance point to a reversible process Until 
the nature of these changes is more definitely known, it seems desirable to use a 
more general and distinctive term 


Experimental work shows that the appearance of hyperchromatism and poly- 
chromatophiha in the granules is the earliest and most constant sign of toxemia, 
being present even in very mild types These changes are best studied by hourb 
observations of the blood in patients who have received small doses of vaccine, 
especially typhoid vaccine, intravenously These are followed by changes in the 
cytoplasm and nuclear degeneration, which is to be considered as an irreversible 
process indicating practically the death of the cell 


Inflammation and Bacterial iNVASireNESS Valy AIenkin 


Powerfully necrotizing irritants produce, as a result of an increase in capillary 
permeability and of lymphatic damage, an extremely prompt reaction, perhaps 
best termed “fixation” By this process the area of injury is mechanically cir- 
cumscribed and the dissemination of the irritant is prevented Staphylococcus aureus 
IS such a bacterial irritant Aleuronat is a chemical irritant of similar potency 
Mild irritants, on the other hand, produce only a delayed reaction, thus allowing 
relatively free penetration of the irritant into the circulation for a considerable 
interval of time In such instances occlusion of the draining lymphatics often 
takes place as late as two days subsequent to the inoculation of the irritant This 
type of irritant is exemplified by the hemolytic streptococcus Another instance 
has been recently demonstrated by McMaster and Hudack, who showed that up 
to forty-eight hours following a mere incision of the skin or local burn lymph 
drainage was adequate Subsequently the lymphatics failed to convey effectively 
the materials contained in them The intensity of fixation is found frequently to 
be parallel to the extent of the inflammatory edema This suggests that the local 
swelling IS at least in part the result of blockage to the normal lymphatic drain- 
age, which IS thus unable to cope adequately with the excess outpouring of plasma 
from the capillaries at the site of inflammation 

In relatively large suppurating or acutely inflamed areas the reaction of fixa- 
tion may occur as early as thirty minutes after the injection of an irritant This 
prompt response allows a definite interval of time for the relatively sluggish 
leukocytes to assemble at the site of inflammation for the purpose of phagocytosis 
The neutrophils appear first, to be displaced subsequently by the macrophages 
This cytologic sequence, as recently demonstrated, is evidently conditioned by 
changes in the local hydrogen ion concentration With the development of local 
acidosis at the site of acute inflammation predominance in the exudate shifts from 
the neutrophil to the mononuclear phagocytic type It is conceivable that the 
mechanism of suppuration is closely associated, perhaps through an activation of 
autolytic tissue enzymes, with the local increase in the hydrogen ion concentration 
of an inflamed area Studies are now in progress in an attempt to clarify this 
problem 


The reaction of fixation, by mechanically circumscribing the irritant in the 
earliest phase of the acute inflammatory reaction, plays a definite role in immunity 
for It protects the organism as a whole at the expense of local injury The 
reason for the disastrous effects resulting from untimely surgical intervention with 
such an effective inflammatory barrier as described and as encountered, for exam- 
ple, m the staphylococcus boil or the anthrax carbuncle is quite obvious and needs 
no particular emphasis in \iew of the foregoing discussion 
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Apul 8, 1935 

I Pilot, P)cstdiug 

Edwin F Hirsch, Sco eta) v 

Necrosis of the Stomach Following Intravenous Injections of Neoarsrhen- 
AMiNE O 0 Christianson 

This article will be published in full m the Archives or Pathologa 

discussion 

P R Cannon Do you think that arsenic entering the stomach in the regurgi- 
tated bile caused the changes in the gastric blood vessels’ 

V Levine Could the changes in the stomach have been due to the agranulo- 
cytosis ’ With that disease necrosis occurs in various tissues of the body 

O O Christianson The injury to the blood vessels probably was caused 
by arsenic excreted from the blood Necrosis of the lining of the stomach does 
not occur, so far as I know, with agranulocytosis 

Value of Chemical and Pathologic Observations in Pneumonocomosis, with 
Special Emphasis on Silicosis and Sii icotuberculosis Henra C 
SwEANV, Jesse E Douglass and Julius Porsche. 

The antemortem and postmortem observations m forty-four patients most of 
whom had some form of pneumonocomosis were correlated with the contents of 
total silica in the various parts of their respiratory tracts With certain exceptions 
the total silica content varies roughly with the time and the type of exposure to 
silica When there has been exposure to coarsely divided silica or silicates (sand 
or dust) in people having faulty physiology of the bronchial tract (bronchiectasis, 
emphysema, tuberculosis, etc ) the silica tends to be retained and produces changes 
in proportion to the amount of dust retained Petrographic analysis determines 
the size and quality of such particles 

The silica content in people without silicosis usually varies from less than 
0 5 mg per gram of dried lung in the infant to between 1 5 and 2 mg per gram 
of dried lung in the aged The silica content of the lymph nodes of nonsilicotic 
persons rises from near zero in infancy to 1 mg at 8 years of age and to 6 mg 
in old age In silicosis the silica content of the lymph nodes does not rise much 
above the amount found in nonsilicotic adults, because the nodes in the latter seem 
to be near the saturation point for the development of silicosis This may help 
to explain the early appearance of specific whorls in the lymph nodes When in 
people exposed to pure silica the silica content of the lung exceeds 2 mg per gram 
of dried lung specific nodulation may be expected to develop The silica content 
of the lung then rises roughly in proportion to the time and the amount of 
exposure to exceed the content found in the lymph nodes This indicates that the 
lymph nodes soon become saturated, after winch they take up silica only m 
diminishing amounts 

The silica content of the lung tissues may increase to 25 mg per gram of dried 
lung or more, depending on the type of work and the interval of time in the 
work The lungs of stone cutters, stone carvers and others exposed to such laige 
quantities of silica have the highest The silica content of coal miners’ lungs 
may become double the high normal limit without showing specific nodulation 
This may be due to the presence of silicates or, more likely, to the dampening 
effect of the carbon on the fibrosis When a coal miner works in silica the 
lymphatics seem to be blocked and show no increase in silica content, while in 
the parenchyma it rises to high levels This indicates not only blockage of the 
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lymphatics but also impairment of the bronchial and ciliary action There is a 
moderate increase of the silica content of the pigmented portions over that of the 
nonpigmented portions This indicates that the black portions have accumulated 

silica as well as carbon n r i i i 

Probably the irritation due to tuberculosis causes an influx of silica-laaen 

phagocytes from without Any new growth or acute inflammation developing in 
such a lung will dilute the silica in proportion to the new cells introduced Tuber- 
culosis causes the development of nodules or masses that may be described as a 
tuberculosilicosis complex A gross pathologic diagnosis of the disease silicosis 
IS always possible, although nodules of silicotuberculosis may be mistaken for those 
of tuberculosis Tuberculosis changes silicosis to a grave and fatal disease, some- 
times terminating quickly in caseous pneumonia Coal dust seems to retard 
silicosis, tuberculosis and silicotuberculosis, bringing about the development of large 
black masses, larger and more benign than the tuberculosilicotic complex 

The most important question yet to answer is how much the minimal silicotic 
nodulation predisposes to the tuberculous infection Would these patients have died 
of tuberculosis (as many do) without the silicosis, or does the silicotic nodulation 
accentuate the tuberculosis^ If we are to judge by the more advanced cases of 
silicosis and tuberculosis, every silicotic nodule is a menace, and every bit of finely 
powdered silica added to a tuberculous focus increases the tuberculous hazard 
Some patients with slight involvement seem to carry considerable silicosis or 
modified silicosis without disability or impairment of health There is evidence 
of individual variation among patients There is also a difference of time at which 
disease appears, depending on the amount of silica, the amount of coal dust, the 
age of the patient and the state in which the silica exists The diagnosis of the 
second stage of silicosis by means of the x-rays is relatively easy In conditions 
that have not yet attained the second stage and any of the forms of modified 
silicosis (especially tuberculosilicosis) a diagnosis by means of the x-rays is as 
likely to be wrong as right The clinical findings alone are of little use except 
to rule out other diseases The history of exposure and the pathologic and chemical 
studies are the only certain means of diagnosis 


DISCUSSION 

V Levine The micro-incmeration method has been used to advantage to 
detect silicon m lymph nodes I have in mind a patient who died of ulcerative 
tuberculosis This patient had one large lymph node in the upper lobe of one lung, 
and by means of the micro-incmeration method silicon was readily detected, whereas 
there was no silicosis m the remaining portion of the lung 

P R Cannon Was there evidence of silicosis in the spleen, liver and bone 
marrow ’ 

S R Rosenthal Are the hilar lymph node tissues entirely destroyed m 
silicosis ^ 

H C SwEANY We now use a petrographic microscope which is valuable in 
differentiating silicon from other closely related doubly refractive substances No 
sihcosis was found in the livers or spleens of our patients with silicosis of the 
lungs In many lymph nodes the lymphoid tissues are entirely destroyed, whorls 
of fibrous tissue are produced, and the lymph channels are blocked In anthracotic 
lymph nodes the Ijmiphoid tissue is destroyed to some extent, but no whorls are 
produced, and there is no blockage of the lymph channels 


Counts with Meteorologic 


Fiuctuations in Basophilic Aggrpgation 
Alterations G Howard Gowen 

Daily basophilic aggregation counts were made on four normal young laboratory 

rsf ">“«> <>' October 

1934 \Mien the daily counts were expressed graphically there were daily fluctua- 

tions with definite peaks In all four cases the peaks coincided rather accurately 
W lien these graphs were compared with a meteorograph for October 1934 it wL 
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found that the basophilic aggregation peaks occurred in most instances at those 
periods when the barometric pressure was high and the temperature low Such 
weather conditions are termed “polar mfalls” and it has been definitely shown 
that when they occur there is a blood pressor effect These pressor episodes and 
their effects are reflected by the bone marrow m a moderate summation in the 
increased production of young cells Inasmuch as the presence of basophilic sub- 
stance has been interpreted as one of the most constant characteristics of immature 
red cells it is not unieasonable to assume that possiblj the stimulation of bone 
marrow resulting from the pressor effects produced by the polar mfalls results in 
an increased production and liberation of red cells exhibiting basophilic aggrega- 
tions and 111 this way accounts for the daily fluctuations and peaks In the pre- 
liminary basophilic aggregation counts made on persons entering an industry where 
there is a lead hazard the foregoing facts should be taken into consideration in 
evaluating the results of such counts 


BUFFALO PATHOLOGICAL SOCIETY 

Joint Meeting zoith the Buffalo Academy oj hledtctne, Apiil 24, 1935 
Kornel Terplan, Picsidcnl, m the Chair 
W F Jacobs, Secietaiy 

Massive Mucoid Carcinoma or the Stomach W F Jacobs 

A white man, 62 years of age, complained of pain on swallowing food, with 
relief on regurgitation, and of loss of weight and tarry stools A bulging mass 
was palpated m the upper part of the abdomen extending inferior^ to 2 finger- 
breadths above the umbilicus and blending laterally with the spleen and liver 
Roentgenograms revealed narrowing of the lower end of the esophagus, irregu- 
larity of the cardiac end of the stomach and limited mobility In a biopsy specimen 
obtained by esophagoscopy the stratified epiderm was acanthotic with scattered 
polymorphonuclear leukocytes, plasma cells and lymphocytes In the subepithehal 
tissue could be made out an infiltrating mucoid carcinoma with signet ring cells 
and an abundant mucinous stroma The patient died suddenly 

A finely granular gelatinoid ooze escaped from the abdominal cavity The 
omentum was distinctly thickened It was free, howeier, and covered coils of 
small intestine The serosa of the small intestine was smooth and glistening 
In the ileocecal area were situated two masslike accumulations of mucoid mate- 
rial The lower end of the esophagus was converted into a narrow rigid tube 
This portion of the esophagus and the fundus of the stomach formed the large 
mass which was palpated clinically The stomach up to the antrum was a thick- 
walled rigid tube The wall measured from 4 to 5 inches (about 10 to 13 cm ) 
The mucosa here was ulcerated The serosa was covered with mucoid nodules 
The peritoneum covering the under surfaces of the diaphragm and the pancreas 
and spleen exhibited a mucoid tumor and was from J4 to ^ Jnch (0 64 to 1 27 cm ) 
thick No metastases were found m the lymph nodes or in the liver Histologically 
the tumor was a mucoid carcinoma with signet ring cells and mucoid degeneration 
Death was due to pulmonary embolism 

The massive involvement of the stomach and the absence of metastases in the 
lymph nodes were considered noteworthy 

Efeect of Injection or Bilirubin and Bile Salt on the van den Bergh 
Reaction Norman Heilbrun and Roger S Hubbard 

Pure bilirubin in amounts varying from 30 to 100 mg was dissolved in tenth- 
molar sodium carbonate and injected intravenouslv Direct van den Bergh reac- 
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tions were earned out on a specimen of plasma taken before the pigment was 
given (the control) and on specimens drawn five minutes after the injection 
When small amounts of the material (from 30 to SO mg ) were injected into normal 
subjects the reaction was invariably delayed, but larger amounts (from 75 to 100 
mg ) produced an immediate reaction (color developing within from 10 to 30 
seconds) When the pigment was injected into patients with severe hemolytic 
jaundice an immediate reaction was produced, although the reaction of the control 
was delayed 

In some instances a preparation of bile salt (20 cc of a 20 per cent solution 
of sodium dehydrocholate) was injected either by itself or with the bilirubin 
In four of five experiments this lessened the time before the appearance of the 
van den Bergh reaction or, if the reaction was already immediate, it significantly 
increased the intensity of the color produced 



Book Reviews 


The Patient and the Weather By William F Petersen, M D , with the 
assistance of Margaret E Milliken, SM Volume II Autonomic Dysin- 
tegration Price, $5 Pp 530, with 249 illustrations Volume III Men- 
tal and Nervous Diseases Price, ^5 Pp 375, with 192 illustrations 
Ann Arbor, Mich Edwards Brothers, Inc , 1934 

The publication of volumes II and III of Petersen’s series of monographs on 
‘The Patient and the Weather” has preceded that of volume I Although the 
later volumes contain many references to presumably fundamental material in the 
first volume, each starts with a restatement of the author’s concept and may be 
read independently of any other volume 

Forming the underlying groundwork of Petersen’s concept is the view, now 
generally accepted, that the rascular system, especially its important peripheral 
bed, is m a constant state of change and flux This vascular play may imohc 
entire organs or larger areas of the body It maj and does constantl}' take place 
in the terrain of terminal arterioles, neighboring fields need not be in the same 
state at the same instant 

Strieker has made this mechanism and especially its state of vascular constric- 
tion or spasm the basis of much that makes up the field of pathologj For him the 
mechanism is a neurovasomotor one Petersen goes much further and would 
make the rhythm of the vascular bed the result of many factors, both endogenous 
and exogenous, which mediate their effects through general or local chemical or 
physicochemical changes In the biologic rhythm, the most obMOUs manifestation 
of which is \ascular change, Petersen recognizes two antipodal states or phases, 
which, for the sake of brevity, he terms the ARS and COD phases The first is 
characterized by tissue anabolism and alkalinity, tissue reduction and vascular 
spasm These major alterations are associated with an increasing systolic pressure, 
increasing tissue acidity and capillary permeability, a decreasing carbon dioxide 
content, an increasing pn and potassium-calcium ratio and an increasing cholesterol 
content The ARS phase goes over gradually or abruptly into the COD phase 
The tissues and vessels are stimulated by relative anoxemia The author looks on 
the ensuing vasodilatation as an active process resulting from relative anoxemia, 
most pathologists have perhaps been in the habit of thinking of vascular dilatation 
as a more passu e process The COD phase is characterized by tissue catabolism 
and oxidation and vascular dilatation These are associated with decreasing acidity 
and capillary and membrane permeability, a decreasing diastolic blood pressure, 
vascular dilatation, an increasing carbon dioxide and cholesterol content and a 
decreasing pn and potassium-calcium ratio These alterations arc relative 

This interplay of phases is a fundamental manifestation of the living organism 
It IS a highly labile, autonomic and automatic mechanism that makes life possible 
The person who is termed normal is attuned and adjusted to his vascular and tissue 
rhjthm In any local terrain excessive reactivity may exhibit results that an old- 
fashioned pathologist would be inclined to include under such heads as tissue stimu- 
lation, hyperplasia, degeneration, atrophy, fibrosis, necrosis and inflammation The 
focal reaction may be a factor in bacterial localization and in the resulting chain 
of events that characterize infection If the person is actually or potentially 
inadequate, the widest variety of abnormal physical or psychic states may result 
All disease would appear to be traceable to abnormality of the biologic rhythm 
Although the rhythm is influenced by a wide variety of factors both internal 
and environmental, the most important of these would appear to be the weather 
Weather is not merely a matter of heat and humidity, which are the frequent 
subject of gibe and jest It includes barometric pressure, velocity and direction of 
air currents, precipitation and electronic atmospheric ionization, as well as tempera- 
ture and humidity Of greatest 'importance are the brusque cyclonic changes that 
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reveal themselves in a change from a warm to a cold front or vice versa The 
human organism changes from day to day and this change is related to 

the meteorological environment It [the human biologic mechanism] is a 

mechanism that must constantly be adjusted to myriad environmental influences, 
the chief ones being meteorological ” Not only does the weather affect the indi- 
vidual from the time that he begins his more or less independent existence on this 
troubled earth following the severance of his umbilical cord, but it hounds him 
in his mother’s womb and may cause malformation It has been said that the 
best assurance for success in life is the proper selection of one’s prospective parents 
But one should do more than that One should admonish one’s future parents 
that they should exercise judgment in the performance of their marital rites and 
select a proper time for one’s conception Particularly if one is going to be 
obsessed by the ambition to be president of these United States he must urge his 
parents to be careful during August and September, February is the ideal month 
for breeding presidents 

Volume II “deals with the effects of meteorological alterations on the unstable 
individual It includes a study of migraine, epilepsy, eclampsia, miscarriage, colitis, 
the sensitizations, the more or less fundamental problems of the mechanisms 
involved, the focal reaction, the importance of terminal vascularization, the role of 
anoxemia, etc ” The volume begins with five opening chapters that have the 
following headings “The Organism as a Cosmic Resonator” , “Vascularization” , 
“The Focal Reaction and Biological Rhythm” , “Penetration of Bacteria and the 
Localization of Disease” , “Focal Infection ” Then follows a discussion of head- 
ache and migraine, with eleven detailed case studies This is followed by chapters 
on epilepsy, eclampsia and premature delivery, mucous colitis and gastric ulcer, 
the neuroses, urticaria, asthma, arthritis, glaucoma, the ear, the teeth, alopecia 
areata and therapeutic implications 

Volume III “presents studies that have to do with mental and nervous disease ” 
The eight chapters of the introductory first part have the following titles “General 
Discussion”, “The Problem”, “The Focal Reaction in the Psychoses”, “Oxida- 
tion” , “Malformations” , “Mental Superiority — Insanity — Inferiority” , “Seasonal 
Conception” , “Suicifle” Part II is devoted to a discussion and detailed case studies 
of certain psychoses, especially schizophrenia and the manic-depressive psychosis 
Part III takes up multiple sclerosis, tabes and dementia paralytica, poliomyelitis 
and meningitis as nervous diseases in which the localization of the disease process 
is influenced by the focal reaction 

Each volume is illustrated by numerous graphic charts and maps For each 
case presented m detail there is, m addition to numerous smaller graphs, a “com- 
prehensive graph,” the comprehensiveness of which interferes somewhat with its 
comprehension Each graph has a meteorograph with six meteorologic factors 
Beneath this the observations made on the subject are graphically presented These 
observations, which may cover twenty or more different items, include, to select 
a graph at random, the reaction to the mtracutaneous mj ection of epinephrine hydro- 
chloride, the reaction to the mtracutaneous injection of histamine, the dermographic 
reaction time, the McClure-Aldrich disappearance time, the systolic blood pressure, 
the diastolic blood pressure, the leukocyte count, the basal metabolic rate, the blood 
chlorides, the blood cholesterol, the blood sugar, the phosphates, the carbon dioxide 
content, the pn, the calcium-potassium ratio, the potassium, the calcium, the serum 
protein and the blister time The character of the observations made vanes with 
the individual case The use of the same unit to represent 1 mg of one chemical 
substance and 10 mg of another results in disproportionate magnification of the 
variations of those constituents that have a small amplitude of variation 

Petersen presents his material m a fascinating style that makes it difficult to 
lay aside a volume to gam the necessary sleep for the next day’s work To say 
that writing is fascinating is to bestow the highest praise But the gentle art of 
book-reviewing demands the discovery of a fly m the ointment So the reviewer 
turns entomologist, and perhaps even etymologist This reviewer does not like, 
m a printed discourse, the abbreviation “T B” for the disease tuberculosis, nor 
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does he think that Jt as conducive to international amity to refer to Japanese as 
“Japs ” 'He can find no lexicographic warrant for “haemopoetic,” although iioiesis 
and poesy ultimately go back to the same Greek word meanmg to make , or ior 
“mucous” used as a noun, or for “neurophagia,” “amytropic” and “hypospades,” 
or “habitation” for habituation “jf\lbuminurea” is evidently a misprint for albu- 
minuria Schonlein, Strumpell, Losung, Fallung are without the umlaut, af this 
IS because the typewriter used in the preparation of the master script did not have 
this character, the>difficulty could .have ibeen metiby the use of the proper diphthong 
The name of the reviewer’s classmate is Loevenhart, not Loewenhardt Eyes are 
described as “wide and starry” , the poet may speak of starry eyes, but for the 
physician eyes are staring Some errors are grammatical in character, such as 
the use of a singular verb with a double subject and the use of “lead” as the past 
tense of to lead “The fundi showed a salt and pepper fundus” may cause almost 
as much reaction m the leptosome reader as a polar mfall Petersen affects the 
prefix “dys” for dis If the gastro-enterologist may write dyspepsia and the 
gynecologist dysmenorrhea, the author may be permitted to have a preference for 
“dysintegration,” although this spelling does not have the sanction of usage 

It IS not to be supposed that the examples just given have been sought out 
with malice aforethought and a fine-tooth comb They have been encountered in 
the hurried survey that a reviewer makes of a book There must be many more 
such flaws m what is otherwise delightful reading The reviewer fears that they 
are evidence of carelessness 

Petersen’s presentation of his wealth of material is a convincing statement of his 
thesis After a volume has been laid aside and one has indulged in a little medita- 
tion and cogitation, one begins to wonder if an entire system of medicine or perhaps 
even of human biology is to be based on the weather Doll of Berlin has recently 
presented a study m which, although he admits a correlation between terrestial 
meteorologic conditions and the state of the human body, he maintains that the 
latter is not dependent .on the former, but that both the weather and the state of the 
body reflect electromc changes brought about on the earth by sdlar eruptions If 
the weather-vane and the barometer are to .replace the plexor and the stethoscope, 
perhaps after we have learned more about the effects of other planets on our 'oavn 
the conical cap of the astrologer will replace the mortarboard of the academician 

The author 'has presented ithe age-old conversational topic of the weather in a 
new and scientific manner The books themselves present the .now old art of 
printing in a new format In the process, which is termed lithoprinting, a photo- 
graphic .electroplate of the typewritten page is made, and the inked impression is 
transferred to paper by means of a rubber roller The reviewer ihas found fhe 
type much easier to read than the usual print of 'books or newspapers The process 
lends itself well to .the .reproduction of illustrations and graphs 
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GROSS AND HISTOLOGIC CHANGES IN THE KNEE 
JOINT IN RHEUMATOID ARTHRITIS 

FREDERIC PARKER Jr, MD 

AND 

CHESTER S KEEFER, AID 

BOSTON 


In pievious papeis' we piesented the gioss and histologic changes 
that aie obsened in joints with advancing age and in ceitain infectious 
conditions It was pointed out that the changes whic^i occiii wuth 
advancing age aie identical with those which ha\c been desciibed 
repeated!}^ as being cbaiacteiistic foi degeneiatne aithiitis It w^as 
showni that in the diflfeient infections the tjpe and extent of the joint 
lesions depend on the mode of infection, that is to say, on wdiethei 
it staits as a metastatic synoMtis or appears in the joint by extension 
fiom the hone maiiow^ oi fiom the exteiioi Degeneiative aithiitis 
begins m the articulai caitilage and invohes the bone and occasionally 
the synovial membrane secondaiily On the contiaiy m the infectious 
group the lesions begin most often in the synoMal mcmbiane, less fie- 
quently in the bone In view of these findings the changes found in 
till ee cases of iheumatoid arthiitis w^eie studied to compare the lesions 
in this condition wnth those of degeneiative and infectious aithiitis We 
obtained autopsies in twm of the cases, in one the piocess was in a com- 
paratively early stage, m the other fai advanced The early case 
occuned m a patient who died fiom cinchophen poisoning, and foi the 
material we are indebted to Di Timothy Leaiy The mateiial from 
the third case was obtained thiough the kindness of Dr Tom K 
Richards, wdio resected the knee joint of the patient 


REPORT or CASES 


Case 1 —A white woman, aged 40, complained of arthritis of both knee joints 
and of the mterphalangeal joints of both hands This condition had bothered her 
at varying intervals for a period of two years During the week before admission 
she took 30 capsules of cinchophen hydro-iodide and then hemorrhages appeared 
beneath the s uperficial layer of the skin of the face, about the ankles, wrists, legs, 


From the Thorndike Alemonal Laboratory, Second and Fourth Aledical 
Services (Harvard) and the Pathological Laboratory, Boston City Hospital, and 
the Department of Aledicine, Harvard Aledical School 

1 (a) Keefer, C S , Parker, F, Jr , Myers W K anrl Tv,,,,,, t a , 
Lit Aled 53 325, 1934, (b) Arch Path 17’516, 1934 (c) Keefer C T 
Parker, F, Jr, and Myers, W K ibid 18 199, I 934 ’ ’ 
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arms and trunk For two days before entry into the hospital there had been 
symptoms of a pulmonary infection with fever, cough and expectoration 

On examination the temperature was 103 F, the pulse rate 120 per minute 
and the respirations 45 per minute There were extensive purpuric lesions over 
the face, arms, legs and trunk There was no jaundice The lungs showed evi- 
dence of bilateral bronchopneumonia, and the interphalangeal joints showed fusi- 
form swelling and enlargement with some pain and tenderness on pressure and 
limitation of motion The knees showed periarticular swelling and thickening 
without any excess accumulation of fluid They were painful on motion and 
pressure The red blood cell count was 4,447,000 per cubic millimeter, the hemo- 
globin, 50 per cent, the white blood cell count, 6,900 The urine showed slight 
amounts of albumin, an occasional leukocj'te and a few red blood cells and granu- 
lar casts The bleeding time was 5 5 minutes (Duke) and the clotting time 2 5 
minutes (capillary tube method), which is normal 

The clinical course was one of progressive failure with signs of bronchopneu- 
monia, anemm and leukopenia with agranuloc} tosis Death occurred three days 
after admission The clinical diagnoses were drug intoxication, bronchopneu- 
monia, rheumatoid arthritis, agranulocytosis and secondary anemia 

The anatomic diagnoses were dermatitis medicamentosa, purpura, organizing 
pneumonia and abscesses of the lung The liver was normal on both gross and 
microscopic examinations 

Gloss Eiaiiwiatiou of the Knee Joint — The synovial membrane and articular 
surfaces of the right knee joint were removed for study The examination of 
the gross specimen reiealed the following features The synovial membrane and 
the underlying connective tissu^ were increased in thickness The surface was 
irregular, and the membrane projected into the joint cavity as long tags of tissue 
Wherever there were depressions or erosions m the articular cartilage the synovial 
membrane had extended into them and attempted to fill the cavities In several 
areas, especially over the posterior aspect of the lateral condyle of the femur 
the synovial membrane had grown over the surface and had become adherent to 
It The semilunar cartilages were difficult to recognize as separate and distinct 
structures owing to the great amount of synovial membrane that had overgrown 
and surrounded the cartilage 

The articulating surface of the patella showed fibrillation and erosion of the 
cartilage on the medial horizontal facets About the edge the synovial membrane 
appeared in long thin tags, and over the median surface it was adherent to the 
cartilage In the patellar groove of the femur the cartilage was irregular and 
fibrillated, and at the periphery the synovial membrane had grown over the car- 
tilage On the lateral condvle there was a small hole m the cartilage which 
communicated with a small cavitv extending into the bone Over a large area 
of the articulating surface of the medial femoral condjle there was a complete 
absence of cartilage, and the underlying bone contained several small holes com- 
municating with the surface The posterior part of the lateral condjle of the 
femur was covered with a thick layer of synovial membrane and was everywhere 
irregular There were some areas of erosion of the cartilage and a small necrotic 
area in the underljung bone 

The articulating surface of the lateral condyle of the tibia showed extensive 
erosion and fragmentation of the cartilage The synovial membrane had grown 
over the area of the condvde that was covered bv the semilunar cartilage There 
were irregularities m the articular surface and fibrillation of the cartilage in the 
vertical plane The medial condjle showed extensiv'e destruction of the cartilage 
with marked overgrowth of svnovial membrane and small holes in the underljing 
bone 
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Histologic Examination — Microscopic examination sliowecl the synovial mem- 
brane to be much thickened witli an increased number of svnovial cells (fig 1) 
There were numerous vascular papillary projections, and in places there weie 
areas of perivascular infiltration with lyniphocjtes and numerous inultmucleated 
cells Some of these papillarv projections were necrotic In some places both 
the papillary projections and the synovial membrane proper showed loss of synovial 
cells with a deposition of fibrin , in others, a meshwork of fibrin occurred between 
the synovial cells In one section there were papillary projections of fibrin which 
showed beginning organization at their bases In the subsynovial tissue there 
was a marked infiltration with l}mphoc\tes, rare gi.int cells of the foreign body 




Fig 1 — Section of synovial membrane (X 95) showing proliferation of S 3 movial 
cells and infiltration with lymphocytes and plasma cells 


type and macrophages, some containing blood pigment In the fat there was 
marked perivascular infiltration with lymphocytes The striated muscle about 
the capsule showed degeneration and atrophy 

No bacteria were seen in the synovial membrane in sections stained by the 
Gram-Weigert method 

Sections from the cartilage and bone showed defects, fibrillation and thinning 
of the cartilage The cartilage was necrotic in places, as was the underlying 
subchondral bone In one area, the joint surface was composed of a layer of 
dense vascular connective tissue covered with synovial cells and infiltrated with 
lymphocytes and plasma cells — evidently an ingrowth of the synovial membrane 
from the periphery Beneath this connective tissue the articular cartilage had for 
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the most part disappeared, leaving the subchondral bony plate impinging on the 
fibrous tissue layer In a few places remnants of the cartilage could be made out, 
and these apparently were undergoing dedifferentiation into connective tissue 
There were small cavities and multilocular cysts in the marrow The cysts were 
filled with fatty macrophages and blue-stammg granular material The walls 
were made up of hyaline material and surrounded by connective tissue In the 
region adjacent to the cysts there was a perivascular infiltration with lymphocytes, 
and the bone was in part necrotic Osteoclasts were numerous m relation to 
both the degenerated and the living bone The origin of this type of cyst was 
shown by some earlier lesions which consisted of necrosis of fat tissue, which 
was taken up by macrophages and then surrounded by connective tissue The 
debris in some of the cysts consisted of small pieces of cartilage which were partly 
necrotic They were surrounded by mononuclear and poljTOorphonuclear leuko- 
cytes The connective tissue of the wall of the cavity was continuous with the 
connective tissue of the synovial tissue which covered the joint surface at this 
point 

In this case theie weie changes m the synovial membrane with signs 
of chronic inflammation, loss of cartilage with necrosis and cyst forma- 
tion m the underlying bone In the caitilage and bone there weie man) 
changes characteristic of degeneiative arthritis This was anticipated 
from our pievious observations and the age of the patient There weie. 
howetTi, changes in the synovial membiane and periaiticular tissues 
which aie not seen in degeneiative arthritis but which are characteristic 
of rheumatoid arthntis 

Case 2 — A woman, aged 60, was admitted to the hospital on account of loss of 
memory and disturbed mental condition An accurate history was not obtained 
but It was learned that she had been unable to get out of bed for five years 
preceding her death on account of severe chrome arthritis which had produced 
crippling 

On examination she was found to be underweight and emaciated The mucous 
membranes were pale, and there were decubitus ulcers over the buttocks There 
was a senile emphysema and rales at the bases of both lungs The joints of the 
hands and feet, the ankles and the knees showed marked deformity and peri- 
articular thickening There was no anemia, but a moderate leukocvtosis with 
the leukoC 3 de count varying between 11,100 and 16,500 per cubic millimeter On 
the second da}-^ after admission signs of bronchopneumonia appeared over the lower 
lobes of both lungs Death followed ten days later 

The clinical diagnoses were chronic bronchitis, emphj'^sema, bronchopneumonia 
and chronic rheumatoid arthritis The anatomic diagnoses were bronchopneu- 
monia, bilateral acute bronchitis, chronic arthritis (rheumatoid) of the wrists 
and knees, cardiac hypertrophy, old fibrous peritonitis and pleuritis 

Gloss Eiaminatwn — The knee joints were opened and the articular surfaces 
and sjmovial membrane removed for studi The following obsenations were 
made on the gross specimens 

On opening the knee joints the periarticular tissue and synovial membrane 
were found to be greath thickened There was a moderate amount of thick 
exudate containing old blood pigment Since both knee joints presented practically 
the same picture the\ are described together The articulating surfaces of the 
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patellae were almost completely obscured by a great thickening and o\ergrowth 
of synovial membrane that had invaded the joint cavity from the periphcrj and 
had grown over the suiface The entire surface of the femoral condyles was 
greatly distorted and irregular Here and there the cartilage and bone projected 
from the surface, leaving areas of elevation and depression At no i>oint was the 
surface smooth The surface resembled a relief map of a veri rugged countn 
with many hills and valleys In some areas there was great atrophv of the 
cartilage, and the superficial la\ers resembled fibrous tissue At the edges 
the sjmovial tissue had invaded the joint cavitv and co\crcd the suiface of the 
cartilage 

The articulating surfaces of the tibias w'ere reduced in size and distorted 
This was due to the great overgrow'th of synovial membrane and fibrous tissue 
over the semilunar cartilages and the articulating surfaces Indeed, the semilunar 
cartilages could not be recognized as distinct structures The articular cartilage 
w’as thinned and irregular and replaced bv fibrous tissue 

Histologic Eianiwatwti — The extent of the changes in the synoMal membrane 
varied considerably from one portion to another In the regions showing the 
least involvement the surface of the membrane was covered w'lth delicate papil- 
larj' projections made up of \ascular connective tissue co\ered with flattened cells 
and containing occasionally a few' lymphocytes The deeper layers of the sMiovial 
sac show'ed a slight periiascular infiltration with lymphocytes and plasma cells 
Where the process w'as more marked the sjnovial surface w'as throwm into folds 
and was covered with coarse villous projections These had a central core of 
fibrous tissue, often dense and hj'alme, and contained numerous blood vessels, 
often accompanied by a perivascular infiltration with many Ivmphocvtes and plasma 
cells The synovial cells co\ering these projections w’ere large, their processes 
prominent, and they tended to have a palisade arrangement, lying with their long 
axes at right angles to the joint surface In places these cells w'ere covered wuth 
a delicate layer of fibrin, in other areas they had disappeared and there w'as 
present a dense layer of fibrin, often hyaline m character The connective tissue 
wall of the synovial membrane w'as thickened and w'as infiltrated W'lth numerous 
lymphocytes and plasma cells, most markedly in the vicinity of the blood vessels 
Scattered here and there were histiocytes containing hemosiderin 

The articular surface was covered in great part by rather dense vascular 
connective tissue which presumably had grown in from the synovial membrane 
at the periphery, as no fibrosis of the marrow was present Scattered along the 
surface also were projecting nodules of cartilage and these, as a rule, w'ere not 
covered by the connective tissue These cartilaginous nodules show'ed at their 
bases islands of vascular connective tissue w'lth ossification proceeding at the 
peripheries of these islands Only a few' areas of articular cartilage of the usual 
type were present, and these showed varying degrees of fibrillation and, as a 
rule, islands of ossification at their bases Beneath the connective tissue covering 
the articular surface there w'as a thin layer of bone, often containing islands of 
cartilage which represented remnants of the deep layer of the original articular 
cartilage The line of the articular surface was markedl}' distorted, showing 
areas of flattening and also projecting areas due to the cartilaginous nodules 
mentioned 

The bony layer described as underlying the connective tissue in part repre- 
sented the original subchondral bony plate However, much of this bony layer 
was newly formed, since the original subchondral layer could be made out some 
3 or 4 mm beneath the surface This construction of a new articular layer of 
bone has been described also m case 3 The process showed various stages 
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Where it was complete, the original subchondral bone existed merely as a thin 
layer with an occasional island of cartilage embedded m it Where it was some- 
what more recent, the bone surrounded islands of cartilage and these were pene- 
trated by vascular, ossifying tissue In one area the articular cartilage, which 
still formed the joint surface, was being invaded at both sides by such ossifying 
tissue so that there was a definite narrowing at these regions, suggesting that 
eventually this mass of cartilage would be separated into two pieces with the 
portion toward the articular surface finally forming the new bone laj'er in that 
region, and the deeper portion representing the line of the original subchondral 
bony plate as described In a region adjacent to this area, this separation had 
already taken place, the intervening spaces between the two portions being filled 
with trabeculae of bone and fatty marrow The process of the formation of the 
new articular surface has been described in detail m case 3 and it does not seem 
necessary to repeat it here, the changes were identical The bone of the epiphysis 
m general showed atrophy, the trabeculae being much thinner than normal and 
more widely separated The marrow was fatty throughout and showed no patho- 
logic changes 

The alterations m the joints of this patient w'ere much more marked 
than were those m case 1 The duration of the disease and the dis- 
ability caused by it were gi eater There was extensive destiuction of 
the cartilage m addition to the reaction m the synovial membiane The 
atrophy of the bone was extreme 

Case 3 — Gioss Exaiitination — The specimen consisted of the articulating sur- 
face of the tibia and the posterior aspect of the condjles of the femur, which were 
resected 

About the borders of the specimens the synovial membrane was greatly thick- 
ened and showed proliferation of the svnovial membrane and the underlying 
connective tissue In some areas the synovial membrane had grown over the 
cartilage to which it was firmly attached The cartilage over the area of the 
tibial condyle subjected to the greatest pressure showed thinning and erosion 
Over other areas the cartilage was discolored, was definitely wrinkled and pro- 
jected in an irregular manner It was soft and had lost its normal elasticity 
Some parts of the surface were distinctlj^ nodular (fig 3) These nodules were 
firm, were covered by a thin layer of cartilage and varied from 2 to 4 mm in 
diameter 

Histologic Examination — The surface of the synovial membrane was irregular 
and showed a considerable number of papillary projections made up of vascular 
connective tissue densely infiltrated with lymphocytes and plasma cells and covered 
with a laver of synovial mesothelium The synovial surface elsewhere was m 
part intact and in part covered with a dense layer of fibrin with loss of the 
synovial cells The intact synovial layer was made up m places of several laj^ers 
of sjnovial cells, the processes of which were unusually prominent In foci there 
was a thin layer of fibrin over the intact synovial membrane Beneath the sjmovial 
cells, in the connective tissue, were numerous scattered lymphocytes, plasma cells, 
a few polvmorphonuclears and multinucleated cells The multinucleated cells 
had nuclei of equal size, often with a peripheral arrangement The cytoplasm, 
which was acidophilic, contained numerous centrioles These cells often show'ed 
se\eral processes of considerable length occasionally such a process extended 
up between the sMiOMal cells to the surface No foreign bodies could be detected 
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in their atoplasm Their exact nature was not clear Howc\er, the t3pc of 
nucleus and processes so closelj resembled those ol sjnoMal mesothelium, and their 
close connection with the latter suggested that at least some of them, if not all, 
\vere of sjnoiial origin In the connectne tissue beneath the region just described 
there were numerous large focal collections of Ijmphocytcs and plasma cells and, 
m addition, in places there w'ere macrophages containing hemosiderin An occa- 
sional definite hmph follicle with an active germinal center could be found The 
connective tissue of the capsule showed an occasional pernascular collection of 
Kmphocjtes The capillaries beneath the s}no\ial membrane were prominent, as 
were their lining endothelial cells Elsewhere the blood \cssels were not abnormal 

Onh a small portion of the joint surface w-as co\ered with cartilage This 
cartilage was thinner than normal its surface was roughened with papillarj 
projections whrh were often cosered with fibrinoid material, and it tended to 
stain acidophilicalh At its junction with the subchondral bon^ plate were 
se\eral foci of sascular connectne tissue which penetrated somewhat into the 
cartilage The greater part of the articular cartilage had disappeared, and the 
joint surface w'as covered w'lth a la\er of rather dense connectne tissue containing 
medium-sized blood \essels and infiltrated with numerous hmphocjtes and plasma 
cells This connectne tissue la3er W'as co\ered with S3no\ial cells and was ob\i- 
0USI3 an ingrowth from the s3no\ial membrane Where this connective tissue 
co^ered the articular surface no articular cartilage was present sa\e occasionall3" 
a thin la3er connected with the subchondral bonv plate Chondroid tissue and 
30ung cartilage could be found in connection with the subchondral plate and, in 
one area, embedded in the connectne tissue la3er 

As mentioned in the foregoing paragraph, the connectne tissue la3er W’as a 
continuation of the s3noMal membrane and was similar in structure In places 
there were deposits of fibrinoid material on its surface and here the S3novial cells 
had disappeared Its surface showed numerous coarse papillar3 projections 
extending for a considerable distance abo\e the joint surface In se\eral places it 
had grown down through defects in the underl3ing bone into the marrow' for a 
short distance 

The subchondral bon3 plate showed a varieU of changes In rare places it 
persisted with its normal cartilaginous component but was co\ered with the con- 
nective tissue la3er In other areas the plate and cartilage could be found but 
the cartilage w'as coiered on the joint side b3' a closel3' applied la3er of bone 
containing a few' islands of connectne tissue Elsewhere the plate and cartilage 
could be distinguished, as before, w'lth a bon3 covering on the joint side, but here 
there were bon3' projections also at right angles to the bon3' plate, extending 
toward the joint and terminating in another plate of bone parallel to the original 
subchondral plate This new bone contained fatt3' marrow and also islands of 
connectne tissue The most exaggerated example of this picture w'as seen in 
one section in which the old subchondral plate could be distinguished in its 
entiret3, but inter\ening betw'een this and the joint ca\it3' w'ere bony trabeculae 
and fatty marrow for a distance of 2 mm , w'lth a new plate of bone underl3'ing 
the connective tissue lining the joint In other areas the subchondral bony plate 
had disappeared entirely, leaving bony trabeculae running approximately at right 
angles to the joint surface, which w'as covered with connectne tissue In a few' 
places where small breaks in the plate were present the fibrous tissue from the 
articular surface had penetrated down into the marrow Nodules of chondroid 
tissue W'ere found projecting from the surface of the bone m the region of the 
subchondral plate In one focus where the articular cartilage had been lost, 
leading the underlying bone exposed, there were marked thickening of the bone 
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extending down for quite a distance and fibrosis of the marrow As a result of 
these various changes the joint line was markedlj^ irregular The bony trabeculae 
of the epiphysis seemed thinner and more widely separated than normal 

There were a few scattered areas of normal hematopoietic tissue m the marrow 
As described m the foregoing paragraph, invasion of the marrow by fibrous tissue 
from the articular surface had occurred in several areas Also fibrosis of the 
marrow had taken place where there was marked thickening of the bone beneath 
regions where the articular surface was denuded In connection with the latter, 
large focal collections of l}miphocytes were found m the marrow spaces 

In this case as m case 2, extensive alterations were found in the 
synovial inembiane as well as in the aiticular caitilage 

COMMENT 

Fioin these three cases it is evident that the constant lesion is in the 
synovial membrane and pei larticular tissues The othei changes are 
secondary Following the synotutis a series of changes take place that 
require study and analysis They will be presented but before that 
IS done it will be well to summarize the knowledge of tlie synovial 
lesions which aie chaiacteiistic of the disease 

The first change obseived in the synovial membiane is an increase 
m the number of synovial cells with marked thickening of the mem- 
brane Heie and there the synovial cells aie destroyed and become 
coveied with fibrin In the s}novial tissue theie aie collections of lympho- 
cytes and plasma cells, macrophages and i are giant cells These vai lous 
cells collect in dense foci aiianged about blood vessels in some areas 
and not m othei s (fig 2) In the fat of the periarticular tissues there 
IS an infiltration of lymphocytes about the blood vessels The striated 
muscle about the capsule of the joint shows degeneration and atrophy 
Following the proliferation of the synovial membrane and its over- 
growth onto the sui faces of the joint, the aiticular caitilage frequently 
disappears This has been ascribed by Nichols and Richardson “ and 
Allison and Ghoimley® to a dual piocess They maintain that as the 
s 3 moMal membiane passes over the aiticular caitilage it becomes adher- 
ent to It and finally destioys it At the same time they describe pro- 
liferation of connective tissue in the subchondral spaces with an invasion 
and destruction of the cartilage 

From our obseivations on the disappeaiance of the aiticulai caitilage 
we have come to the conclusion that it takes place as a result of a solu- 
tion of the caitilage under the connective tissue that has grown onto the 
articular cartilage and by a dedifterentiation of cartilage into connective 

2 Nichols, E H , and Richardson F L J M Research 21 149, 1909 

3 Allison, N A , and Ghormlev, R K Diagnosis in Joint Disease, New 

York William Wood S. Compam, 1931 
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tissue We have not been able to convince ouisehes that piobfeiation 
of connective tissue in the inairow of the epiphysis is a necessaiy and 
essential pait of the pathologic piocess 

The foiegoing statements aie based on the following observations 
When the caitilage undei the connective tissue pieseives the oiiginal 
chaiacteiistics of noiinal articulai cartilage it appeals to undei go solu- 
tion As a geneial lule, however, the caitilage beneath the connective 
tissue IS quite diffeient in appearance fioin noiinal aiticulai cartilage 



Fig 2 — Section from subsynovial tissue showing infiltration with lymphocytes 
in foci about blood vessels and elsewhere (X 125) 

The intercellular substance stains with acid dyes , the cai tilage cells no 
longer occui in gioups but tend to become more sepaiated and to have 
a deal zone about them All of these changes aie more maiked the 
nearer the overlying connective tissue is appi cached The othel process 
that takes place is a conversion of the cartilage into connective tissue 
This was exceedingly common in the cases herein desci ibed In numer- 
ous sections it was found that cartilage was being converted into 
connective tissue, since young cartilage cells could be tiaced into the con- 
nective tissue where they became still more widely sepaiated and more 
11 regular in shape 
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Since the caitilage seemed to change into connective tissue so fre- 
quently the question arose whether this ever occurred without evidence 
of connective tissue gi owing over the surface of the aiticular cartilage 
We ha\e many sections bearing on this question, and it can be stated 
that It was not observed There were some sections m which this appar- 
ently was not true, and they require comment In a few sections, nod- 
ules of cartilage were seen projecting upward from the surface of the 
joint and they were uncovered by connective tissue, although connective 
tissue could be seen surrounding and between them (fig 3) The 
explanation of these nodules was that the}'^ represented a formation of 



Fig 3 — Section showing small nodules of cartilage projecting upward from 
the surface of the joint They have been formed from the connective tissue 
which at one time covered the whole surface of the joint (X 4) 

caitilage fiom connective tissue which at one time covered the whole 
suiface area That this can occur there can be no doubt since in 
figure 4 it is seen that cartilage, bone and a new articular surface have 
been formed on top of old articular caitilage and this, in turn, is covered 
by connective tissue In other words, when connective tissue glows 
over articulai cartilage the latter either undergoes solution or becomes 
changed into connective tissue The connective tissue rvhich gioivs or^er 
the surface of the joint is also capable of foiming new caitilage and 
finally bone 

In sections wdiich failed to shorv any connective tissue growing over 
the surface of the joint there was no evidence of cartilage changing into 
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connective tissue a.ncl no inaiked pioliferation of the connective tissue 
of the man on This was demonstrated clearly m a cioss-section of 
the tibia At the peiiphery of the joint surface the aiticulai cartilage 
was covered by connective tissue and beneath it the caitilage was under- 
going dissolution The part of the caitilage which showed no connec- 
tive tissue over its suiface was noimal m appearance except for the 
presence of fibrillation, an associated lesion due to degenerative changes 
The articular cartilage nas destroyed in still anothei way We have 
described the n regularity of the suiface of the joint in these cases and 
have shown that this ii regularity is due to a replacement of the aiticulai 
caitilage by new cancellous bone, so that the suiface consists of a very 
thin layer of bone, connective tissue or caitilage (fig 5) The remains 



Fig 4 — Section showing the original articular cartilage covered by connective 
tissue, new cartilage and bone There is also evidence of destruction of part of 
the original articular cartilage with new bone formation (X 3) 

of the old subchondral joint line aie seen seveial millimeters below the 
surface The formation of this double line with cancellous bone inter- 
vening has been explained by some to be due to a proliferation of the 
perichondrium of the articular surfaces The existence of perichon- 
drium in adult caitilage can be doubted since there is very little evidence 
to show that it exists and we have never been able to detect tissue that 
could be differentiated as perichondrium m the joints which we have 
examined We believe, however, that the appearance of a double line 
and the destruction of the caitilage can be explained on another basis, 
namely, that it results from a replacement of the articular cartilage by 
cancellous bone, and it progresses not from the subchondral plate by 
ingrowth of connective tissue into the cartilage but begins at the periph- 
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ery of the joint and spreads thiough the cential poition of the articu- 
lating cartilage In some sections one can trace the process from both 
ends This is illustrated clearly in figuie 6 As it progresses the sub- 
chondral bony layer becomes separated fiom the superficial layers of 
cartilage, and gi adually the whole articular cartilage may become ossified 
and only lemnants of the old subchondral line will be seen That this 
process does not progress from below upward was confiimed by other 
sections m which the caitilage was being destroyed from the side and 
from the aiticular surface downward by ossification 

It seems clear, then, that the double line of cancellous bone results 
from the ossification of the articular cartilage, and that this is accom- 


\ 



Fig 5 — Section of the femoral surface of the knee joint showing complete 
ossification of the articular cartilage and the remains of the original subchondral 
line (X 4) This is the end-stage of the process shown in figure 6 

plished by an mgiowth of ossifying tissue fiom the peiipheiy of the 
joints 

Theie lemains for discussion the question of the destruction of the 
cartilage b}’^ mgiowth of connective tissue from the epiphyseal marrow 
In our previous paper on the histologic changes m the joints with 
ad\ancing age we called attention to the occurrence of fibiosis of the 
marroN\ especially when the cartilage on the surface had been destroyed 
This increase m connective tissue of the marrow extended up to and 
OAer the affected surface and we interpreted this reaction as an attempt 
to repair the defect 
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It was shown fuithei that when the subchondral zone showed 
inci eased vascularization, a piocess which is common and which is 
pathognomonic of degenerative aithritis occasional islands of vascular 
connective tissue extended iipwaid into the overlying caitilage. and new 
bone foimation took place about them It is necessaiy then, to take 
these findings into consideiation ivhen inteipietmg the changes that aie 
seen in rheumatoid arthiitis 

In many sections from these cases of iheumatoid aithiitis it was 
demonstiated that the connective tissue that had grown ovei the suiface 
of the joint fiequently extended downwaid into the mairow after the 
caitilage and bone had been destroyed This is seen m fig 7 In these 



Fig 6 — Section of the femoral surface of the knee joint showing ossification 
of the articular cartilage by a process progressing from the periphery of the 
joint (y 3) 

cases the connective tissue on the suiface was always oldei in appeal - 
ance than that seen in the marrow, and it could be traced from the sui- 
face into the marrow The evidence was not convincing that any gieat 
amount of destruction took place by invasion of the subchondial plate 
by connective tissue from the marrow, so that we did not feel that this 
was of fundamental impoitance in the pathologic process 

In summary, then, it can be reasonably maintained that destiuction 
of the articulating caitilage takes place by solution and by dedifferentia- 
tion of cartilage into connective tissue once its surface has been covered 
with connective tissue Secondly, it is leplaced with cancellous bone by 
a process of ossification from the peiiphery The destruction of caiti- 
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lage by connective tissue growing into the cartilage from the subchon- 
dral spaces is minimal and not a fundamental pathologic process in the 
disease It is seen when new bone formation goes on in such areas 
Changes in the Bone — One of the outstanding features in these 
cases IS the extreme degree of atrophy of the bone (fig 5) It is 
demonstrable by x-ray film during life, and when one examines the 



Fig 7 — Section of a joint showing disappearance of the articular cartilage 
following an overgrowth of connective tissue In one area the connective tissue 
proliferation has extended into the marrow from above (X 36) 


bone histologically there is an amazing degree of such atrophy The 
bone is reduced to a thin network resembling the finest lace There is 
no evidence fiom the cases we have studied that the thinness of the 
bone is due to any process other than atrophy That is to say, there is 
no indication of active bone destruction We attribute this atrophy to 
disuse and not to a pathologic process causing dissolution of bone 
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Fiom the foregoing discussion theie is justification foi the belief 
that the fundamental piocess m iheumatoid aithiitis is an inflammatory 
piocess m the peiiaiticulai tissues and synovial membiane The other 
anatomic changes aie secondaiy to this essential change, that is to say, 
the destruction of cartilage, the atrophy of bone and new hone forma- 
tion A part of the process can be explained on the basis of disuse of a 
joint togethei with the loss of cartilage that occuis following the con- 
nective tissue oveigiowth We emphasire this point in order to call 
attention to the fact that any theoiy that attempts to explain the 
pathogenesis of iheumatoid aithiitis must take into account the mecha- 
nism by which the changes m the periarticular tissues come into being 
The general pathologic changes are summaii7ed in the table 


Pathologic Lesions in Rlieuinatmd Aithiiti<! 


Primarj 

Soeondari 

Mi'celluncou' 

Si noi itvs 

Destruction o{ cartiluRO 

Liinpboid livpcrplnsia 

Periarticular clnnge iiith 

Atroplij of bout 

Calcification of blood \e"cl« 

and Mithout 'lulicutancouc 

^e^^ bone formation 

\m>loidosis 

flbrold nodule' 

Sublu\ation 

■Inkilosis (fibrous boni ) 
Muscular atropbi 

Di'turbantcs of groutli 
PlKinentntion of the «kin 


The lesions m the cartilage which are so distinctive of degenerative 
arthritis are quite different from those resulting from destruction of 
the cartilage by overgrowth of connective tissue We make this state- 
ment and emphasize it since it has been alleged wnth some confidence 
that both degenerative and rheumatoid arthritis result fiom the same 
underlying cause or group of causes The origin of this view^ has as its 
basis the clinical observations that many patients with rheumatoid 
arthritis show degenerative changes in the cartilage This is true but 
not surprising since a high percentage of persons after 40 years of age 
show degenerative changes in their joints If rheumatoid arthritis devel- 
ops after degenerative lesions are present, and this is not uncommon, 
then it naturally follows that the pathologic lesions of both conditions 
will be present together Any one who has had the opportunity to 
study the gross and the histologic pictures of degeneiatue and rheu- 
matoid arthritis cannot question that the underlying mechanisms in the 
two conditions are quite different The picture of each is highly char- 
acteristic and can be recognized readily with a little expeiience It is 
necessary to make the distinction since without it misunderstandings 
arise 

4 Archer, B H J A M A 102 1449, 1934 See this paper for addi- 
tional references to articles suggesting the Unitarian theory 
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SUMMARY 

Gross and histologic examinations of the tissues fiom three cases of 
rheumatoid arthiitis were made The following points were brought 
out 

In rheumatoid arthritis the piimary and essential lesion of the joint 
IS an mflammatoiy reaction in the sjmovial membiane and pei larticular 
tissues The othei changes are secondary to this process 

The aiticulai cartilage disappears as a result of an overgiowth of 
connective tissue on its suiface, deditfeientiation into connective tissue 
and ossification of the articulai surface 

The atrophy of bone is not due to active bone destruction It is 
dependent, we believe, on disuse and theie is a loss of calcium in the 
bone which accounts foi it We suggest that this is the lesult of disuse 
The lesions of iheumatoid aithntis are easily distinguishable fiom 
those caused by degenerative changes and those lesulting from infection 
of the joints nith micro-organisms 

The theoiy that degenerative and iheumatoid arthiitiS lesult fiom 
the same underlying factors is untenable 



DIFFUSE CORTICAL CONTUSION OF THE 
OCCIPITAL LOBE 


CYRIL B COURVILLE, MD 

LOS A^GELES 

Contusion is one of the moie common traumatic lesions of the brain 
While theie is some difteience of opinion as to the exact mechanism of 
Its piocluction. It IS quite generally agieed that in most instances it is 
a contiecoup and not a direct effect of the injuiy Two notable excep- 
tions are those cerebral contusions which occasionally result from 
depiessed fiactuies of the cianial vault and ceiebellai contusions secon- 
dary to lineal fractures of the occipital bone which usually run neai or 
into the f 01 amen magnum 

Theie is a great variation in the size and charactei of coitical con- 
tusions This Aariation is due to a number of factors the size, shape 
and force of the traumatizing object, the mechanism and diiection of 
its application to the head, and the pecuhai anatomic characteristics of 
the region opposite to the point of impact With tew exceptions, con- 
tusions aie the result of one type of mechanical foice — the head in 
motion strikes a solid and relatively stationaiy object They occur 
typically as the result of traffic accidents, eithei when one automobile 
collides \Mth anothei oi with some stationary object oi when a pedes- 
tiian is struck by a moving vehicle 

The size of the contused aiea jDiobably depends on the intensity of 
the applied force The extremely seveie contusion which results fatally 
within from twelve to twenty-foui hours is often veiy extensive, affect- 
ing the opposite temporal and frontal lobes and extending deeply into 
the underlying white substance On the other hand the contusion may 
be microscopic in size, evidenced only by tiny hemorrhagic effusions in 
the affected cortex 

The nature of the contusion depends largely on the anatomic lela- 
tionship of the brain to the internal contoui of the skull in the region 
The shape of the contusion is also affected somewhat by the internal 
structuie of the brain, particularly bj the arrangement of the bundles 
of white fibers in the affected part Three anatomic types of contusions 
are thus produced, the first with two subtypes (1) the wedge-shaped 
temporofrontal contusion with (a) subfrontal and (b) antei olatei al 
temporal subtypes, (2) the patchy and superficial dorsolateral contusion 
usually found in the opercular cortex and (3) the diffuse cortical con- 
tusion of the occipital lobe 


From the Department of Neurology, College of Medical Evangelists, and the 
Cajal Laboratory of Neuropathology, Los Angeles County General Hospital 
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It IS the purpose of this study to draw attention to the essential 
features of the third type of contusion which has not been described 
m the literature so far as I can discover Certainly it must be familiar 
to coroner’s pathologists in large metiopohtan centers, but writers on 
the subject have not distinguished it from othei types of cerebral con- 
tusions The lesion appears as a diffuse reddish-bi own discoloration 
of the involyed coiiAmlutions This coloration is due to the presence 
in the cortex of myriads of petechial hemorihages The lesion has been 
found invaiiably in the posteiior poition of the cerebial hemisphere 
The area involved A'^aries considerabl)'^ m size, from small patches of 
discoloiation of the cortex, often at the depth of a sulcus, on the one 
hand, to a change in the cortex of the entire occipital lobe, on the other 

This study is based on observations in 8 such cases The patients 
died after intenals of vaiying lengths m the Los Angeles County Gen- 
eral Hospital, and the autopsies were performed by the coroner of the 
County of Los Angeles The specimens weie studied moie in detail 
m the Cajal Laboratory During the two and a half year interval 
dm mg which the studies weie made, a series of 241 specimens showing 
evidence of cerebral injury have been examined Of this number 172 
were found to show contusions of the brain According to these figures, 
this type of lesion occuis in about 3 per cent of all cases of cranio- 
ceiebral injui) and constitutes only 4 per cent of cerebial contusions 

REPORT OF CASES 

Case 1 — During an epileptic seizure a 57 3 'ear old man sustained an injurj' to 
the right side of the head in the frontal and parietal regions He was admitted 
to the Los Angeles County Hospital on Jan 24, 1933 He was uncooperative and was 
discharged against advice on the following daj He complained of right-sided 
headaches for several days but did not seek medical attention On February 2 
he became mentally haz}"^, was unable to talk and soon lapsed into a comatose state 
He was readmitted to the hospital on February 3 

He was found to be rather stuporous, reacting to painful stimuli with move- 
ments of the e>,.tremities of the right but not of the left side The head was 
deviated to the left The pupils were unequal, the left being larger than the right, 
both failed to react to light There was marked spastic paralysis of the extremi- 
ties of the left side A hemorrhage in the interval being suspected from the 
historv, a left subtemporal decompression was performed A large amount of 
subdural blood clot was evacuated He died with signs of bronchopneumonia on 
Februarj'^ 4, a few hours after the operation and ten days after his injury 

The autopsy was made by Dr A F Wagner, who permitted a further studj' 
to be made of the cerebral lesions in the fixed specimen A linear fracture was 
found in the right parietal region which extended into the squamous portion of 
the right temporal bone The remains of an extensive subdural hemorrhage were 
found over the dorsolateral surface of the left cerebral hemisphere, the clot being 
thickest toward the base The hemorrhage was found to have its source m an 
extensue laceration of the basilar surface of the left temporal lobe There had 
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been a rupture of a large intracerebral hemorrhage through the cortex A large 
cavity had been excavated in the central portion of the left temporal and occipital 
lobes 

The cortex of the entire occipital lobe had a peculiar plum color The margins 
of the area were rather sharply defined Over the crest of the con\olutions the 
pia-arachnoid had been torn as though by a swelling of the cortex The extent 
of this discoloration of the cortex is shown in the accompanying drawing (fig 1) 
On cut section the discoloration appeared at first to be limited to the cortex, but 
on closer studj petechial hemorrhages were also observed in the subcortical white 
substance, which in some areas was softened and shglitly discolored In some regions 
the cortex seemed to be detached from the underlying white substance 



Fig 1 (case 1) — A drawing showing the location and extent of the diffuse 
contusion (a) ruptures of leptomemnges over convolutional ridges, (b) a lacera- 
tion resulting from the rupture of an intracerebral hemorrhage through the cortex, 
(c) area within broken lines showing extent of intracerebral hemorrhage 

Comment — There are several points of interest in this case which 
need to be stiessed While not germane to the problem at hand, the 
occurrence of an intracerebral hemorrhage so many days after injury 
and with the so-called “latent interval” calls attention to the possibility 
of such a lesion simulating an extradural or a subdural hemorihage 
This case is also of interest m that the coitex of practically the entire 
left occipital lobe was involved b}'- the diffuse contusion, the most exten- 
sive lesion of the senes 
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Case 2 — A 46 year old white woman was rendered unconscious as the result 
of an automobile accident on June 5, 1934, and was admitted to the hospital m a 
state of shock several hours thereafter When examined at this time she had par- 
tially regained consciousness A laceration 10 cm long was found in the right 
parietal region, another 6 cm long was present over the vertex, and still another 
4 cm long was located m the left temporal region There were a few other super- 
ficial bruises of the skin of the extremities No localizing signs suggestive of a 
focal cerebral lesion could be made out She remainded in a semistuporous state 
and died with symptoms of bronchopneumonia twelve days after her injury 



Fig 2 (case 2) — Extensive diffuse contusion of the basilar surface of the 
temporal and occipital lobes 

At autopsy no fracture of the skull was found There was a small amount of 
blood in the subarachnoid space in the right and left parietal regions, more on the 
left There was a small contusion of the basilar surface of the left temporal lobe 
and others on the superior surface of the underlying cerebellum, that on the right 
being most extensive A large portion of the basilar and medial cortex of the 
right occipital lobe presented the characteristic appearance of a diffuse cortical 
contusion (fig 2) The occipital pole and a small portion of the dorsolateral 
surface of this lobe were similarly affected A few scattered petechial hemorrhages 
were also found in the centrum of the anterior portion of the left frontal lobe 
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Comment — The extensueness of the diffuse occipital contusion in 
this case is of special interest, paiticularly in \ie\\ of the fact that the 
patient lived so long Anothei mteiesting obseivation was the occur- 
rence of the contusion of the supeiioi sin face of the underlying ceie- 
bellum Such an occuirence is most unusual even in a laige senes of 
specimens presenting injuiies 

In the following cases the coitical contusion was less extensive and 
only the essential points in the pathogenesis and patholog) of the con- 
dition will be mentioned 

Case 3— A 72 a ear old man died eleven dais after being run down by an 
automobile He was onh slightly stuporous after his injury but became more so 
as time went on A contusion of the right side of the bead was found on exam- 
ination At autopsy there was obserred a trans\erse linear fracture of the right 
temporal bone extending across into the middle fossa of the skull with local sub- 
dural hemorrhage There was a severe contusion of the basilar surface of the 
left temporal lobe with local subdural hemorrhage Petechial hemorrhages were 
present m the centrum of the right temporal and parietal lobes Two small patches 
of diffuse contusion were noted (a) about the posterior end of the left superior 
temporal gyrus and (0) about a sulcus along the inferolateral margin of the 
occipital lobe 

Case 4 — A 63 year old man died twelve and one-half days after an assault by 
robbers Following the injur\ there w'as bleeding from the right ear After a 
short period of unconsciousness he recovered sufficiently to return to his work 
in spite of severe left-sided headaches Ten days after the injury he became 
comatose and was admitted to the hospital for study He died after a bilateral 
subtemporal decompression and partial evacuation of a left subdural hemorrhage 
At autopsy no fracture of the skull was noted, but the remains of 
a subdural hemorrhage ivere found on the left side, together with a 
severe contusion of the medial part of the basilar surface of the left temporal lobe 
Focal hemorrhages were also found m the right midbram and m the pons There 
was also a diffuse cortical contusion along the calcarine fissure on the left side 

Case 5 — A 60 year old man survived injuries resulting from an automobile 
accident for four and one-half days He was unconscious for a short while, after 
which his mind w'as lucid for two days During this time paralysis of the left 
arm was noted which was due to a fracture dislocation of the fourth and fifth 
cervical vertebrae At autopsy, in addition to tbe fracture of the spine and injury 
of the cervical cord, a left subarachnoid hemorrhage and petechial hemorrhages 
in the left paneto-occipital centrum were found A diffuse cortical contusion was 
also noted about the collateral fissure of the basilar surface of the left temporal 
and occipital lobes' There was no fracture of the skull 

Case 6 — A 41 year old man who fell from a moving automobile survived his 
injury for eight hours After admission to the hospital on Dec 12, 1933, he was 
found to have spastic left hemiplegia There was a laceration of the scalp in the 
occipital region At autopsy a basal fracture of the skull and a severe contused 
laceration with hemorrhage into the left temporal lobe were found, associated 
with some local subdural hemorrhage There was also a marked edema ot the 
right temporal lobe resulting in herniation of the hippocampal gyrus through the 
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incisura of the tentorium with consequent compression and distortion of the mid- 
bram The cortex lateral and caudal to the herniated hippocampal gyrus disclosed 
the t 3 fpical changes of diffuse cortical contusion 

Case 7 — A 53 year old man sustained an injury to the head in an unknown 
fashion during a brawl on April 20, 1935 He was admitted to the hospital the 
following daj^ because of persistent stupor Examination disclosed a bruise over 
the vertex of the scalp, rigidity of the neck and equivocal plantar reflexes but no 
evidence of motor weakness or inequality of the deep reflexes The patient 
remained m a semicomatose state and died eleven days after his injury At autopsy 
a contusion of the scalp over the vertex was found but no fracture of the skull 
A moderate left subdural hemorrhage, a minor right subarachnoid hemorrhage 
and severe contusions of the basilar surfaces of both frontal lobes and of the left 
temporal and parietal lobes were also found A diffuse contusion had discolored 
the cortex on the medial and basilar aspects of the left occipital lobe as well as 
along the right calcarine fissure 

Case 8 — A 42 year old man was struck by an automobile while crossing the 
street on April 9, 1935, and was unconscious thereafter for a period of from fifteen 
to twenty minutes He was admitted to the hospital the following day complaining 
of headaches Evidences of bleeding from the right ear were found He vomited 
repeatedly and was restless Because of increasing drowsiness and dilatation of 
the right pupil a decompression of the right side was performed and a large sub- 
dural blood clot partiall}^ evacuated Death ensued a few hours after operation 
and thirty-two hours after his injury 

At autopsy there was found an extensive linear fracture of the right side of 
the vault of the skull which extended into the base and a bruising of the right 
side of the scalp and the right temporal muscle The remains of a very large 
right subdural hemorrhage were also found There was a contusion of the tip of 
the right temporal and another of the dorsolateral surface of the left temporal 
lobe A diffuse contusion of the cortex was found along the margin of a hernia- 
tion of the right hippocampal gyrus into the incisura This contusion also extended 
back along the calcarine fissure on this side An old contusion of the cerebellar 
cortex was also noted, the result of a fracture of the occipital bone sustained five 
and a half years before 

PATHOGENESIS OF DIFFUSE OCCIPITAL CONTUSION 

From a study of the clinical history and the observations at autopsy 
in this senes of cases certain conclusions may be drawn as to the 
mechanical production of this type of lesion Diffuse occipital contu- 
sion is found m persons over 40 years of age and usually after an 
interval of several da3^s (exceptions cases 6 and 8) It occurs after 
blows to the head, after falls and after automobile accidents It may 
occur -without fracture of the skull, and when fracture is present there 
IS no definite anatomic relationship between it and the contusion 

In order that the mechanism of the pioduction of diffuse contusion 
ma}' be understood two important observations should be mentioned 
This type of contusion invariably occurs m the posterioi portion of the 
cerebral hemispheres and is usually confined to the occipital lobe The 
scalp \AOunds are like-^Mse found OA’^er the posterior one-half of the head 
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The first obser\ ation suggests that some regional anatomic peculiarity is 
responsible for this type of lesion The absence of superficial lacera- 
tions of the cortex in the affected area such as occur when the bruise is 
due to contact with bone and the occurrence of such lesions along the 
free margin of the tentoiium suggest, furthermoie, the possibility that 
the arrangement of the dural reduplications may play an impoitant idle 
in the production of the diffuse contusion This is also suggested by 
the fact that in most instances the contusion is in the cerebral cortex 
adjacent to one of these duial reduplications (exception case 1, in 
which contusion was associated with and evidently due to an extensive 
intracerebral hemorrhage) 

In an attempt to evaluate the mechanical factors involved two pos- 
sibilities must be considered A primary type of lesion is apparently 
due to injuries sustained while the head is in motion, as is the case with 
other contusions The contusion occuis predominantly, if not invaiiably, 
on the same side of the biam (cases 2, 3 and 5) When the vertex of 
the skull IS injured primarily, both sides of the hi am may be contused 
(case 7) A secondary type of contusion results from persistent pres- 
sure of the affected area against a dural reduplication, the pressuie 
resulting from edema of one hemisphere (case 6), intracerebi al hemor- 
ihage (case 1) or subdural hemorrhage (cases 4 and 8) The lesion 
then occuis on the side affected by the cause of the pressure The side 
so affected is not necessarily the side of the head oiigmally injured 

The primary type of lesion is apparently pioduced by a sudden 
obstruction of the afferent veins of the cortex and subcoitex oi occlu- 
sion of these channels, the secondary type, by long-continued pressuie 
against the relatively elastic dural reduplications In the primaiy type 
the contusion is due to a sudden distortion of the occipital lobe on the 
side of the injury within a chamber the walls of which are formed in 
part by the smooth-surfaced dural reduplications (falx, tentorium) 
The occipital lobe is thrown against these reduplications and a contre- 
coup results The relative elasticity and smoothness of these walls 
account no doubt for the absence of gross disorganization of the cere- 
bral cortex common m other types of contusions The sudden reversal 
of the current m the venous channels very likely accounts for the rup- 
ture of cortical and subcortical vessels and the formation of myiiads of 
cortical and subcortical hemorrhages Because of this interference with 
the circulation, softening of the cortex and underlying white substance 
ultimately results The quantitative vaiiation m the blood supply of 
the giay and white matter probably accounts foi the difference in degree 
of softening and for the tendency for the cortex, after a shoit interval, 
to become separated from the underlying white substance 
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PATHOLOGIC ANATOMY OF DIFFUSE CORTICAL CONTUSION 

Diffuse contusion is found only in the occipital lobe or its immediate 
environs It varies in extent from a small discolored area usually 
situated about the depth of the sulcus in one case to involvement of 



Fig 3 — Drawings showing locations of diffuse contusions in cases 1 to 8 The 
numbers on the lines correspond to the case numbers 

practically the entire occipital lobe in another (fig 3) This is true of 
both the primary and the secondary types The involved region is not 
uniformh affected the discoloration being most marked Avhere the 
greatest degiee of hemorrhagic infiltration occiiis 
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Only rarely are the overlying leptomeninges toin and then usually 
on the dorsolateral suiface wheie the innei suiface of the skull does not 
piesent a uniformly flat suiface (case 1) Viewed externally the 
affected cortex at first assumes a mottled led appearance, after fixation 
It assumes a characteristic plum color It resembles quite closely red 
softening secondary to thrombosis of the supeificial coitical veins The 
lesion IS essentially a hemoirhagic softening particulai ly of the coitex 
(fig 4) The yellow softening of the subcoitex is moie likely due to 



Fig 4 — A, cortical hemorrhage and subcortical softening in case 1 B, diffuse 
and discrete cortical hemorrhages m case 2, enlarged % 

impairment of the circulation resulting from the hemorrhagic infiltration 
of the cortex The pressure of these accumulations of blood very likely 
interferes with the flow of arterial blood into the undei lying white sub 
stance The i eddish coloration is due to the presence of myriads of 
small petechial hemorrhages, which may become confluent and thus not 
be clearly distinguishable from one another by the naked eye In the 
subcoitex the hemonhages aie often larger and moie discrete 
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The late appearance of this lesion is as yet unknown Judging from 
the changes apparent after twelve days, one concludes that a more or 
less extensive atrophy and scarring of the cortex in the affected region 
will result The scai will probably be a vascular one, as suggested by 
the tendency even in recent lesions to the formation of new blood 
vessels 

Histology — In the first few days theie is little to be seen except 
the disoiganized cortex with the infiltration of red blood cells One 
outstanding change and one which persists for days is the remarkable 
and widespread dilatation of the small blood vessels 

After several days have elapsed, evidences of cellulai proliferation 
in the pia and arachnoid are observed with a resultant irregular thick- 
ening of these membranes In the cortex the nerve cells begin to lose 
their coloration in routine stained preparations , specific methods show 
a loss of tigroid material and disintegration of the neurofibrils Cells 
111 the vicinity of the hemorrhagic areas show moie serious evidence of 
mjur}'^ than do those more remotely situated The microglia show tran- 
sitional forms The endothelial cells of the blood vessels also show early 
evidence of prolifeiation 

Aftei an interval of nine da 3 s (case 1) more advanced changes are 
observed The pia-arachnoid has become a definitely thickened struc- 
tuie owing to the piohfeiation of spindle-shaped cells and to its infiltia- 
tion with leukocytes About some of the larger pial and cortical blood 
vessels may be found large collections of lymphocytes Large numbers 
of leukocytes are found scattered throughout the cortex, presumably the 
result of the hemoiihage The cortex shows an advanced disturbance 
of the normal cyto-architectonics incident to hemorihage and softening 
The nerve cells in the seriously aflfected areas appear largely as “ghost 
cells ” Tigroid pigment is absent from their cytoplasm The neuro- 
fibrils show extensive disintegration when stained by the i educed silver 
method of Cajal, some cells being entirely devoid of aigentophihc mate- 
rial, otheis having local collections of small peiinuclear granules About 
the aieas of hemorihage both in the coitex and subcortex this method 
shows the nerA'^e fibers to be intensely impregnated with silver (pres- 
erA'^ation necrosis of Cajal) End-bulbs may be disinguished at times 
in these areas Avhere the nerA'^e fibers haA'-e been inteiiupted 

All tiansitional forms of micioglia are shown by the combined 
method The areas of cortex undergoing softening are occupied Avith 
compound granulai corpuscles loaded Avith blood pigment, free fat or 
granules of aigentophihc material, depending on the preparation studied 
Other forms of interstitial elements (oligodendroglia and neuroglia) 
are poorh" demonstrated in these necrotic areas, many of them eA’^identl}' 
undergoing necrobiotic change 
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The smallei coitical blood vessels still show an intense congestion 
In the max gins of the neciotic areas axe found gxoxips of blood vessels 
which show active piohfexation of their endothelium and the develop- 
ment of new vasculax buds With special methods the endothelial cells 
aie found to contain fat and axgentophihc granules 

In the undex lying white substance routine stains show pale mfarcted 
areas with altered nerve fibers ciossing them These aie evidently the 
result of an impaiiment of cii dilation 



Fig 5 — A, cortical and meningeal hemorrhage in case 1, hematoxylin and 
eosm, X 32 B, thickening of the pia mater and perivascular hemorrhage, com- 
bined method , X 32 


No opportunity has been offered to make a histologic study of the 
residual lesion after a peiiod of months or years One suspects that a 
vascular scar will result in the softened areas and permanent disorgani- 
zation of the cortex as a result of the many areas of hemorrhage 

SUMMARY 

Contusions of the occipital lobe are relatively uncommon With the 
exception of those due to depressed fractures they assume certain char- 
acteristics which are of interest in the study of traumatic intracianial 
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lesions Diffuse contusion of the occipital lobe, characteiized by a 
diffuse leddisb coloiation and softening of the affected cortex without 
gross moiphologic disorganization, lesults from two types of mechanical 
distuibance The lesion may be pi unary and acute, lesultmg from 
foicing of the occipital coitex against the falx oi tentorium when the 
head in motion stiikes some lelatively immovable object The force of 
the blow IS expended on the sides oi top of the head Although in the 
primary type the contusion of the brain is usuall)'^ found on the same 
side as that of the injury to the scalp, it occurs on the opposite side of 
the occipital lobe and is therefoie a contiecoup The secondary type 
IS the lesult of local pressuie b}'^ an expanding lesion such as edema or 
subduial or inti acerebi al hemorihage In tins tj'pe there is no necessary 
relationship between the side of the oiiginal injurj^ and that of the con- 
tusion In anj^ case the lesion is essentially a diffuse hemoirhagic sof- 
tening of the coitex resulting from a ruptuie of small cortical A^eins 
incident to the sudden reversal of cui rent in these vessels in the primary 
type, oi to peisistent and inci easing obstiuction by continued piessure in 
the secondaiy type Micioscopically, the cortical and subcortical tissues 
aie found to be infiltrated with blood The softening and disintegrating 
tissues are ultimately filled with compound granular corpuscles The 
appearance of the ultimate lesion is unknown since no example has as 
yet been studied 
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Theie have been lelatuely few systematic studies of the effect of 
bile stasis on the quantity and distiibution of hpids in the heiDatic and 
Kupffer cells, and we have not found anj' leference to the effect of 
biliaiy decompi ession in this connection In the couise of studies of 
morphologic and functional changes occuning during experimental 
ligation of the common duct in cats, with subsequent lelease of obsti no- 
tion, material was obtained suitable foi a systematic stud) of this 
problem 

MATEKIALS AND METHODS 

Observations were made on thirtj'-nine cats during total bile stasis of from 
ten hours to forty-two days’ duration and on twent\-one following biliary decom- 
pression of from one hour to seven days’ duration The animals were maintained 
on a diet of fresh scrap meat and milk Comparative studies were made during 
stasis and decompression in the same animal in eleven instances The animals 
were etherized, and the abdomen of each was clipped and washed with Harrington’s 
solution, followed by alcohol A midline incision was made, and the common duct 
was isolated In some cases the duct was doubly ligated with linen thread and 
severed between the ligatures In those animals which were to be subsequently 
subjected to decompression the duct was ligated close to the duodenum with linen 
tape 3 mm wide tied m a double surgical knot After varying periods of stasis 
the ligature was carefully removed Only those animals are included in this 
report in which the contents of the ducts promptly filled the segment distal to 
the point of ligation The animals were subsequently killed under light ether 
anesthesia at varying intervals following release of the obstruction In a few 
cases death occurred spontaneously, and material from these animals was rejected 
if evidence of postmortem change was detected 

All cases were excluded m which the duct system was not perfectly patent 
and in which bile could not readily be expressed through the ampulla of Vater 
In this way we have been able to time the duration of total stasis and of decom- 
pression with a reasonable degree of accuracy In eleven cases biopsy specimens 
were obtained at the time of removal of the obstructing ligature for the purpose 

From the Laboratory of Biochemistry, Jefferson Medical College Hospital, 
and the Department of Pathology, Jefferson Medical College Hospital 

Aided by the Jefferson :\Iedical College Hospital Tumor Clinic and the Martin 
Research Fund 
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of comparing the lesions of stasis with those of decompression m the same animals 
All animals are excluded from the present consideration in which complicating 
factors were found to exist, among these were (1) reconstruction of the common 
duct or the presence of accessor 3 ' ducts during the period of supposed stasis, (2) 
infection, (3) spontaneous or traumatic rupture of the duct and (4) nonpatency 
of the duct system following removal of the ligature In cats 63 and 84, which 
are included in this report, biliary decompression was accompanied by acute sup- 
pression of bile formation 

Specimens were fixed in diluted solution of formaldehyde, U S P (1 10) 
Some were frozen, sectioned and mounted either unstained or stained with Nile 
blue sulphate, scarlet red, Fischler’s i stain, dilute eosin and methylene blue, others 
were blocked in paraffin, cut and stained with hematoxylin and eosin and Mallory’s 
and Van Gieson’s connective tissue stains Frozen sections ffrom 8 to 25 microns 
thick) were examined under crossed Nicol prisms for the presence of doubly 
refractile material 

EXPERIMENTAL OBSCRVXTIONS 

Bile Stasis — The findings in the thirty-nine animals in this group 
are presented in detail in table 1 The quantity of stainable lipid in 
both hepatic and Kupfiter cells was extremely variable during the first 
seven days of stasis It was absent fiom the hepatic cells in only two 
instances (147 and 119) and from the Kupffer cells m only one (146) 
during this period With stasis of increasing duration the quantity of 
stainable hpid decreased lather abruptly and was practically absent 
in animals with stasis of from 15 to 42 days’ duiation 

Theie was likewise wide variation in the distribution of lipid m 
different portions of the lobules in different cases , this variation was 
apparently unrelated to the duration of stasis within the first seven 
days Moreover, theie was no consistent relationship between the 
quantity and distribution of stainable lipids in the hepatic cells and their 
quantity and distribution in the Kupffei cells during this period 

During stasis, after the first few days, this material, ei'^en when 
present in large amount, occuiied in the form of small granules In 
the normal cat stainable lipids, which are usually piesent m abundance, 
tend to occur as droplets or globules of largei size With the Nile 
blue sulphate stain the greater part of the stainable material was blue , 
however the subcapsulai zone frequently contained pink or blue-pink 
granules, and occasionally variation in staining reaction was observed 
in different cells irrespective of their location 

In sections stained with hematoxylin and eosin vacuoles were noted 
which ivere not due to the presence of stainable lipid, as demonstrated 
by examination of frozen sections In some cases they were found to be 
associated with doubly refractile, nonstainable material, in others they 
■were due to the presence of glycogen and in some instances their identity 
could not be demonstrated 

1 !Mallorj, F B and Wright, J H Pathological Technique ed 8, Phila- 
delphia, W B Saunders Company 1924 p 185 
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Doubly lefiactile mateiial ^\as present in abundance in the Kupfler 
cells tbroiigliout all peiiods of stasis fiom ten boms to foity-two 
days Except in a fei\ cases of stasis of seven days’ duiation, much 
smaller quantities weie noted in the hepatic cells Theie was appaiently 
no consistent lelationship between the quantity and distiibution of 


Table 1— Results of a Study of the Effect of Bile Sta<!ts ou the Quantity and 
Distnbutwn of Liptds in the Kupffci and Hepatic Cells 
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doubly retractile mateiial and the quantity and distiibution of stainable 
lipid Frequently, the foiniei was present m situations in which the 
lattei was absent, on the other hand, at times the two weie so intimately 
associated that the doubly lefractile cr 3 'stals produced maiked iiiegu- 
laiity in the outline of the stainable droplets and gianules In some 
instances these ciystals occupied the cential poitions of the lipid dioplets 
and granules, producing a vacuolated appeal ance m sections stained 
with Nile blue sulphate (fig 1) Comparison of stained and unstained 
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frozen sections reAealed an occasional disci epancy in the quantity of 
doubly refractile material The leason for this is not apparent, since 
there was no consistency in this discrepancy The tabulation of our 
observations is based on those sections showing the laigest amount 
of this mateiial in each case 

In stained and unstained frozen sections ciystalhne material was 
observed, the exact natuie of Avhich has not been determined In Nile 



Fig 1 (cat 94) — Stasis sixteen hours Ln^er shows vacuoles in stained lipid 
droplets, due to the presence of doubly refractile material Frozen section stained 
Avith Nile blue sulphate, about X 100 


blue sulphate preparations these appeared as needle-shaped oi rod- 
shaped coarse crystals occurring singly or arranged in sheat'^es They 
Avere noted as early as the sixteenth hour of stasis but Avere much 
more numerous and occurred more constantl}'’ in the later stages These 
crystals AAere distributed irregularly throughout the lobule in patch)' 
areas, being much more abundant m some lobules than in others 
^Vlthm the lobule they appeared to be contained largely Avithin Kupfter 
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cells, although the possibility that they \\eie fiee within the sinusoids 
could not be definitely excluded Howevei, the fact that fiequently 
large quantities of doubl}^ lef tactile inateiial in this situation extended 
to and stopped shoit at the cential vein, none being piesent within 
the lumen of the lattei, stiongly suggests that these ciystals weie not 
fiee within the sinusoids They were larely obseived m hepatic cells 
but weie paiticularl}' nuineious about and \Mthin the thickened portal 
ladicles, in which situation they appealed in tissue cievices and within 
phagocytic cells Similai ciystals weie seen m some cases lying fiee 
in the largei blood vessels wheie the seium had sepaiated fiom the 
foimed elements 

The gieat majoiit} of these cij'^stals w'eie doubly lefiactile when 
examined undei ciossed Nicol prisms In an attempt to establish then 
identity as fatty acids, Fischlei’s stain was applied, wuth inconclusive 
lesults Many of the laigei ciystalline masses took the hematoxylin 
stain to some extent but also acquiied a i eddish cast, m some cases 
small, sharply defined black ciystals could be seen m intimate association 
with those mentioned 

The stainable lipids, doubty lefiactile mateiial and biowmish civstals 
considered in the foiegoing paiagraphs boie no apparent i elation to 
the degenerative and neciotic lesions occurring in the hvei m the 
presence of bile stasis as described elsew'heie ^ ‘ It is difficult to deteimme 
the presence oi absence of any lelationship betw^een the quantity of 
stainable lipid and the sporadic degenerative and neciotic lesions during 
the first wreek of stasis , this is due chiefl}^ to the coincidental abundance 
of lipids and the activity of degeneration and necrosis m the innei 
portion and sporadically thioughout the lobule during this period 
Howevei, in the later stages extensive degenerative changes could be 
seen in cases in which stainable lipid w^as absent Neveitheless, it is 
possible, of course, that the stainable lipid granules occasionally 
observed duiing the late peiiod of stasis may be associated wuth the 
degeneiative process in the hepatic cells 

The areas of focal necrosis present during the fiist thirteen days 
of stasis usually contained many small lipid granules within the shadowy 
outlines of necrotic and disintegrating hepatic cells which, together 
wuth the latter, were phagocytosed by macrophages Lipid in this situa- 
tion occurred independently of the piesence oi absence of stainable 
lipid 111 the lemainder of the lobule Doubly lefiactile crystals w^eie 
larely observed in areas of focal necrosis even when present elsewhere 
in the lobule 


la Stewart, H L , and Lieber ]M M Arch Path 19 34, 1935 Cantarow 
A , and Stewart, H L Am J Path 11 561, 1935 
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The aieas of hyaline neciosis beneath the capsule of the liver and 
about the poital ladicles fiequently contained dioplets of stainable 
lipid occuning both within necrotic hepatic cells and within inaci ophages, 
which weie appaiently actively engaged in phagocytosing and leinoving 
the necrotic material In the gieatly thickened poital ladicles lesulting 
from the organization of hyaline necroses there were fiequently col- 
lections of macrophages loaded with fat in immediate i elation to the 
laige bile ducts which were being destioyed Stainable lipids were 
also piesent m the necrotic epithelial cells lining these ducts We have 
not seen stainable lipid in the epithelial cells of the bile ducts duiing 

Table 2 — The Quantity and Distiibutiou of Lipids in the Kiipffci and Hepatic 

Cells Follozving Dcconipi cssion 
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stasis except when the ducts were undei going destiuction as a result 
of the organization of aieas of hyaline necrosis 

Biliaiy Decouip} esswii — The findings in the Wenty-one animals in 
this gioup are piesented in detail m table 2 The quantity of stainable 
lipid in both hepatic and Kupffei cells was extiemely vaiiable dining 
all peiiods of decompi ession fiom one hour to seven days folloning 
total stasis of fiom one to sixteen days’ duration It was piesent in 
the Kupfter cells in evei}'^ case and was absent fiom the hepatic cells 
in onl}’- tno instances (decompression one day, stasis tno and eleieii 
da}s) The observations made during stasis legarding the vaiiation 
in the distribution of stainable lipids and the absence of any consistent 
lelationship between the quantit}'^ in the hepatic cells and that m the 
Kupfter cells vere also true during decompi ession Although occasion- 
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ally there seemed to be a distinct tendency towaid droplet formation 
during decompression, m geneial the hpid material presented much 
the same appeal ance as during total stasis 

Comparative studies dining stasis and decompression in eleven 
cases revealed nothing of particular significance except in cat 120, 
m which no stainable lipid was present in the hepatic paienchyma at 
the end of eight days of stasis whereas stainable lipid was observed 
in both hepatic and Kupffei cells two hours after lelease of the obstruc- 



Fig 2 (cat 128) — Stasis fifteen days, decompression two days Lner shows 
large amounts of stainable lipid in Kupffer cells Frozen section stained with 
Nile blue sulphate , about X 60 

tioii No change occulted m thiee animals, and a variable change 
was noted in the remainder, the nature of which may be observed 
by comparing the findings recorded m table 1 and table 2 Of par- 
ticular interest is the fact that laige amounts of stainable lipid were 
present in the Kupffei cells in cats 128 and 125 two and three days, 
respectively, after periods of bile stasis of fifteen and sixteen daj'^s^ 
duration, at which time stainable hpid is almost invariably absent or 
present m only veiy small quantity (fig 2) Doubly lefiactile matenal 
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was piesent in eveiy case and difteied in no essential lespect from 
that obseived during total stasis Coinpaiative studies in individual 
cases revealed lelatively insignificant difieiences, which may be obseived 
by ref eri ing to data pi esented in tables 1 and 2 

A peculiar lesion was noted in cat 132 twenty-four houis following 
relief of stasis of twenty-four hours’ duiation (figs 3 and 4) Laige 



Fig 3 (cat 132) — Stasis one day, decompression one day Li\er shows large 
sharply demarcated nodular lesion composed of vacuolated pigmented cells, appar- 
enth' hepatic cells Note two smaller nodules below and to the left of the large 
one Hematoxylin and eosin, about X 450 

A'acuolated deeply pigmented cells, apparently hepatic cells, w^ere scattered 
throughout the liver and frequently w'^ere collected in groups of as 
man}^ as thirty-five cells The line of demarcation from the surrounding 
parench 3 'ma was sharp and often consisted of a canaliculus These 
lesions, A\hich occurred indiscriminate!)’- in all parts of the lobule, W’ere 
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regaidcd as piobably localized aieas of degeneiation, the pigmentation 
being accentuated by the degeneiated and vacuolated cj^toplasinic back- 
ground These lesions contained laige amounts of stamable lipid which 
stood out m shaip contrast to the hepatic cells in the lemamdei of the 
parenchyma which weie almost devoid of stamable fat On the othei 
hand, these aieas contained few oi no doubly lefractile ciystals although 



Fig 4 (cat 132) — Stasis one day, decompression one day This shows the 
high lipid content of the nodular lesions illustrated in figure 3 Note the relative 
absence of stamable lipid in the hepatic cells and the large amount in the Kupffer 
cells Frozen section stained with Nile blue sulphate, about X 200 

the Kupfter cells in the sunounding paienchyma contained relatively 
large quantities of such crystals 

COMMENT 

The htei attire contains few studies of the effect of total bile stasis 
on the quantity and distribution of lipids in the liver, and no reference 
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could be found to studies of the effect of decompi ession in this con- 
nection Mayer," who is generally regarded as the first to study 
systematically the moiphologic changes m the livei of the cat following 
ligation of the common duct, concluded from observations on four 
animals that fatty degeneration of the livei does not occur as a result 
of bile stasis However, all of these animals showed peritonitis at 
autopsy These findings were m diiect contrast to those of Leyden® 
who, studying twenty dogs with total stasis of from one to thirty-three 
days’ duration, reported an increase m hepatic fat during the period 
of stasis All but one of these animals died of peritonitis The work of 
Legg ^ IS of distinct significance because of the lelativel} large number 
of animals employed (sixteen cats), the detailed leport of the 
moiphologic findings and the mfiequenc}'’ of gross infection despite 
the fact that aseptic technic was not employed With the exception 
of one case m which large amounts of fat were present at the end of 
se’ien da)'’s of stasis, Legg found practically no fat dioplets m the liver 
aftei the fourth day of stasis in the absence of spontaneous lecon- 
struction of the common duct His conclusions were as* follows 


As to the infiltration of the cells with oil, it is difficult to determine whether 
it IS an accident or the result of the operation The evidence would incline, I think, 
to the former In those animals who lived into the second or third weeks, the 
large fat drops in the liver cells were no longer seen They were replaced by 
granules, colorless and insoluble in acetic acid, probably therefore fat This granu- 
lar state of the cells may be looked upon as part of the atrophy caused by the 
growth of the connective tissue, just as in ordinary cirrhosis 

This problem has appaiently never been subjected to systematic 
and detailed investigation, hut the occasionally reported observations, 
usuall)^ incidental and sporadic aie summarized m the statement by 
Ogata® that with ohstiuction of the common duct hepatic fat is 
markedly reduced m almost all animals (gumea-pig lat, rabbit, dog, 
mouse, flog, pigeon) , these findings coincide with observations made 
on human beings Ogata found fat m the hepatic cells duimg prolonged 
stasis 111 only one dog (thiity-fiA^e da)'^s) Avhich was very obese 

Oui findings in the present series are in accord with the earlier 
obsen'^ations regarding the decrease m the stainable lipids of the Inei 
in the later stages of stasis It is interesting to note that although there 
was rathei wide variation in the fat content of both hepatic and Kupfifei 
cells during the fiist Aveek of stasis a sudden marked decrease occuiied 
at about the seventh day, eA^en small quantities of stainable hpid being 


2 MaAcr, H 

3 Lca den, E 
1866, p 83 

4 Legg, W 

5 Ogata, T 


kled Jahrb , 1872, p 133 

Beitrage zur Pathologic des Icterus, Berlin, A Hirschwald, 

St Barth Hosp Rep 9 161, 1873 

Beitr z path Anat u z allg Path 55 236, 1913 
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seldom found after that time Theie aie few data available in the 
hteiature regarding the distiibution of fat between the hepatic and 
Kupffei cells during total bile stasis Although theie was no consistent 
relationship between the quantities of stamable lipid m these two situa- 
tions during the fiist week of stasis, the fact that it diminished simul- 
taneously in both types of cells after that time is probably of significance 
The cause of the marked decrease m stamable lipid is not leadily 
apparent It is probably not dependent on impaired nutrition which, 
according to most investigators, is usually accompanied by an increase 
in hepatic fat Furthermore, although these animals did not take a 
normal amount of food, they almost invariably ate some of the food 
offered them and no lelationship could be demonstrated between the 
state of nutiition and the fat content of the livei The fact that in 
the first week of stasis there was no consistency betw^een the distribution 
of fat and that of spoiadic degeneiative changes within the lobules, 
coupled wuth the fact that in the later stages fat was frequently absent 
from cells which w^eie markedly degeneiated, suggests that this raria- 
tion in the amount of stamable lipid is not dependent directly on 
legressive changes in the cells In the focal midzonal and hyaline 
necroses, however, the contained fat w^as at times obviously associated 
wnth the necrotic piocess, since the adjacent parenchyma w^as often 
free from fat It is piobable that the obseived changes in the stamable 
lipids of the hepatic and Kupffei cells aie dependent on some alteiation 
111 the metabolic activity of these cells incident to the state of total bile 
stasis This hypothesis is perhaps supported by the fact that relatively 
large quantities of fat weie present m animals (128, 125) twm and thiee 
days after the relief of stasis of fifteen and sixteen days’ duiation, 
on the basis of oui obseivations during total stasis, it is highly improbable 
that the hepatic and Kupfter cells contained even a small amount of 
stamable lipid at the tune of the release of the obstructing ligature 

In view’’ of the early studies of hepatic fat m bile stasis, which w^as 
almost invariably complicated by infection, the findings in ceitain of 
our cases nr which suppurative cholangeitis w’as pieseirt at autopsy are 
of interest These cases are not included nr the material presented in 
the tables A few anmials with this condition were found to have lathei 
large quantities of stamable lipid nr the hepatic and Kupffei cells, 
paiticulaily in the former, m the late stages of stasis, differing markedly 
m this respect from the animals nr which the last stages of stasis w'^ere 
uncomplicated A nrodeiately large quantity of stamable lipid was 
observed in the Kupffer cells m one animal wuth stasis of twenty-nine 
daj^s’ duiation, this airinral, however, had been rendered acutely anemic 
by repeated withdrawal of large aniounts of blood by caidiac puncture, 

wdriclr may have been responsible foi the unusually laige quantity of lipid 
pi esent 
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Double lefi action of bpid material is indicative of the presence of 
laige quantities of cholesteiol and cholesteiol esteis m the lipid inixtuie 
The appaient lack of quantitative lelationship between the doubl} 
lefiactile matenal and the stainable lipid in the Kupflfei cells during 
total stasis suggests that the factois undei lying the metabolism of these 
two classes of substances in the liver aie essentially different This 
difference was much moie pronounced m the Kupffer than m the 
hepatic cells , in fact, m a fei’i instances, particularly \\ ith stasis of seven 
days’ duration, a relatively laige quantit) of stainable hpid in the 
hepatic cells was associated with a similarly laige amount of doubly 
lefiactile matenal This suggestive metabolic difteience is further sup- 
poited by the lack of consistent lelationship in the distribution of 
stainable lipid and doubl)'^ lefractile material in the hepatic cells 

Levine ® found doubly refractile hpid substances consistentl}^ in the 
hepatic cells of twenty-seven human subjects who died of accidental 
causes, but was unable to demonstiate any in the Kupftei cells On 
the basis of the obseivation of Anitschkow ' and otheis that these cells 
store cholesterol and cholesteiol esteis removed fiom the blood stream, 
Levine stated that then absence m this situation under essentially 
noimal conditions indicates that the cholesteiol is piobably passed to 
the hepatic cells too rapidl)'’ to be demonstiated in the Kupffei cells 
by the technic employed However we w^eie able to demonstiate large 
quantities of doubly refractile hpid material m the Kupffei cells of 
normal animals studied in conjunction with the piesent expeiimental 
series Nevertheless, the presence of consistently large amounts m the 
Kupffer cells and small amounts in the hepatic cells dm mg total stasis 
suggests that the transfer of this material fiom the foimei to the 
lattei IS considerably impaired undei these conditions and that some 
degree of impairment m this connection peisists duiing decompiession 
of one houi to seven days’ duration 

SUMMAR\ 

Studies were made of the quantity and distiibution of stainable 
hpid and doubly lefractile material m the Iner in thiity-nine cats 
with uncomplicated total bile stasis of fiom ten hours to forty-two days 
duration and in twenty-one cats following biliary decompression of from 
one hour to seven days’ duration 

The quantity of stainable hpid decreased markedly in both hepatic 
and Kupfifer cells during stasis and was practically absent m the majority 
of animals after the seventh day A return of large quantities of stain- 

6 Levine, V Arch Path 14 345, 1932 

7 Anitschkow, N N Deutsche med Wchnschr 39 741, 1913 
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able lipid A\as noted in animals seveial days aftei lelief fiom piolonged 
total stasis 

Doubly retractile mateiial was piesent in the Kuptter cells in laige 
quantities throughout the entiie peiiod of total stasis chfteiing maikedly 
fiom the stainable lipid in this respect 

Although neciotic lesions fiequently contained laige quantities of 
fat, oui observations dining the early and late stages of stasis indicate 
that the stainable lipids distnbuted indisciiminately thioughout the 
lobule aie not necessaiily dependent on legiessive changes in the 
aftected cells 

Stainable lipid was not obseived in the epithelium of the bile ducts 
except in the latei peiiod of stasis at a time when the ducts weie 
undei going destiuction as a result of organization of areas of hyaline 
neciosis 

It IS suggested that the consistently laige amount of doubly lefiactile 
mateiial in the Kupfter cells and the i datively small quantity in the 
hepatic cells dining stasis aie dependent on a delay m the tiansfei of 
this mateiial fiom the foimei to the lattei undei the expenmental 
conditions 
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EFFECT or DAILY INJECTIONS OF COLON BACILLI AND PITRESSIN 
ON THE DENERVATED KIDNEY OF THE DOG 
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MAURICE HARDGROA^E, MD 
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In pievious expeuments ^ on dogs in which unilateial deneivation 
of the kidney had been performed one of us (G M ) demonstiated 
by means of roentgenogi ams taken aftei injection of a suspension of 
bismuth ox3'’chloride into the lenal A'asculai bed that 

1 Theie is dilatation of the lenal vasculai bed aftei denei\ation 

2 The vasculai bed of the deneivated kidney does not contiact after 
the intia-arteiial injection of epinephiine, indicating the completeness 
of the deneivation 

3 The deneivated kidney is not damaged b} lepeated chilling as 
IS the noimal kidney 

4 A single injection of a toxic agent, such as snake lenom causes 
gi eater changes m the denervated than in the noimal kidney 

Of that senes of twenty-six dogs killed fiom one to six months aftei 
lenal deneivation, the majority displayed an inciease in the size of the 
deneivated kidney, m a few the denervated kidney was slightly smallei, 
and in one the organ on which opeiation Avas peifoiined AA’^as definitely 
conti acted 

On the basis of these obseiA'^ations fuithei expeiiments Aveie under- 
taken to deteimine the i espouse of the denenated kidney Aidien exposed 
to A^aiious agents ovei long peiiods Unilateial lenal denei A'^ation 
through the lumbai loute Avas earned out in a group of dogs, and a 
period of appioximately tAAm AA'^eeks AA'^as alloAA'’ed foi complete recoA'^erj^ 
The dogs Avere divided into three groups Each animal of the first 
gioup leceiA^ed 1 cc of a two day bioth culture of colon bacilli intia- 
A’^enously daily No immediate eftects Aveie noted from the injections 
The second group received 1 cc of pitiessin intiaA'^enousty dail} In 
most instances the injection AAas folloAved in a fcAA' minutes Iia^ A^oinit- 
ing and defecation and eAen AAith this dose some animals died The 

From the Department of Pathologi and Bacteriology, Unnersitj' of Illinois 
College of ^Medicine 

1 :Milles, G , :Muller, E G , and Petersen, W F Arch Path 13 233, 1932 
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tliird gioup leceived 1 cc each of the bioth cultuie of colon bacilh and 
of pitressm inti avenously The immediate leaction of these animals 
to the injection weie the same as those of the second gioup The injec- 
tions were made daily — those of pitiessin with the idea of pioducing 
repeated vasoconstriction and those of the colon bacillus as a bacteiial 
agent of lather low virulence capable of doing damage to tissues 

After fiom three to eight weeks the animals were killed and the 
kidneys weighed Tissues were fixed m foimaldehyde and stained mth 
hematoxylin and eosin and with azocaimine and methylene blue - foi 
micioscopic study Ten dogs of the series smvived long enough to 
be of A'alue in this lepoit 

EXPERIMENTAL INVESTIGATION 
Gioup 1 — Daily intravenous in]ections of colon bacilli were made 
Dog 1 — Denervation of the left kidney was performed on Feb 21, 1934, and 
the dog died on March 8 

The normal kidney weighed 40 Gni Its capsule stripped readily, leaving a 
smooth, browmsh-red surface On the cut surface the cortex was of average 
width, grayish red and sharply demarcated from the medulla 

Microscopically the glomeruli were normal The tubular epithelium was well 
preserved The blood vessels were moderately dilated and contained a consider- 
able number of pigment-filled macrophages In a single area the normal struc- 
tures had been replaced by dense hyalinized connective tissue, blending with a 
focus of round cell infiltration 

The denervated kidney weighed 25 Gm Its capsule was thickened and gray 
and stripped with considerable resistance The surface was pale gray to grayish 
pink The cut surface was pale gray, the cortex was narrowed, and the medulla 
was poorly demarcated 

Microscopically the glomeruli were distended Bowman’s space was free from 
contents, and Bowman’s capsule, which was composed of the usual flat cells, was 
in many instances surrounded by a zone of round cell infiltration, which usually 
extended into the interstitial tissue along the blood vessels Moderate degenera- 
tive changes, chiefly in the form of cloudy swelling and occasional necrosis, were 
present in the tubular epithelium There was moderate increase in the interstitial 
connective tissue The blood vessels were markedly dilated and densely packed 
with red cells and pigment-filled macrophages The smaller arterioles displayed 
moderate increase m the thickness of their walls and of the perivascular connective 
tissue 

Dog 2 — The kidney was denervated on February 21, and the dog was killed 
on June 19 

The normal kidnej' weighed 40 Gm It was normal in gross appearance, 
answering to the same description as that of the corresponding kidney of dog 1 
Microscopically the glomeruli were of moderate size , there was an increase 
in the number of their cellular elements, particularlv of the interstitial cells 
Bowman’s space was free from contents. Bowman’s capsule was composed of a 
single layer of flat cells In an occasional glomerulus the basement membrane 

2 McGregor, L Am J Path 6 347, 1930 
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of Bowman’s capsule was proliferated and hyalmized In such instances the affer- 
ent vessel was thick-walled, its lumen was narrowed, and a more or less well 
defined mantle of round cells was seen about the glomerulus The tubular epi- 
thelial cells were fairly well preserved, although rather small, and a considerable 
amount of granular debris was present in their lumens The arterioles were 
moderately thick-w ailed, and many of them were surrounded by a mantle of round 
cells 

The denervated kidney weighed 40 Gm The capsule vv'as thickened otherwise 
the kidney showed no marked gross difference from that on which no operation 
was performed 

Microscopically the glomeruli were larger and the capillaries more dilated, 
and var 3 nng degrees of interstitial hj'ahnization were present, otherwise the sec- 
tion vv^as essentiall}' the same as that taken from the kidney on wdnch no operation 
was performed 

Dog 3 — Denervation was performed on March 23, and the dog was killed on 
Tune 19 

The normal kidney weighed 35 Gm The capsule was thin and stripped 
readilj', leaving a smooth, dark browmish-red to purplish-red surface On the 
cut surface the cortex w'as well preserved and dark brownish red and the mark- 
ings were sharpl}’^ defined The medulla was clearly demarcated 

Microscopicall)" the glomeruli were rather variable in size and appearance, 
some w'ere large and cellular, and others were inconspicuous with small pj'knotic 
nuclei and markedly increased and hj'alinized interstitial tissue In others there 
was loss of capillary tufts so that in some instances only a single atrophic tuft 
remained Bowman’s space contained a variable amount of homogeneous, pale- 
stainmg material, and Bowman’s capsule varied from a single flat to a single swollen 
layer of cells, or to several layers of cells The tubular epithelium was narrowed , the 
lumens of the tubules contained a considerable amount of granular debris Here 
and there, an arteriole with a markedl}’- thickened and hyalmized media and marked 
proliferation of perivascular connectiv'e tissue was seen In such vessels the lumen 
was small Except for the moderate degree of penv'ascular fibrosis there w'as no 
increase in the connective tissue 

The denervated kidney weighed 20 Gm Its capsule was thick, grav and 
adherent The surface was pale graj% and the consistencv' was markedl}'^ denser 
On the cut surface the cortex was pale and narrow^, and the medulla was poorly 
demarcated 

Microscopically (fig 1) the following picture was uniformly present The 
glomerular tufts w^ere small, cellular and generall}' fairly w'ell preserved Bow- 
man’s space was free from contents There was moderate to marked proliferation 
of the basement membrane of Bowman’s capsule Around many glomeruli a nar- 
row^ mantle of round cells was seen The tubules showed marked degenerativ'C 
changes their cells were flat or entirely lost, and their lumens were filled with 
hj'ahne plugs There was marked increase in the interstitial connective tissue, 
which replaced the tubules to a large extent The arterioles were thick-wMled 
and hj^alinized, and vacuolation of the intimal and medial cells was present The 
arterioles were surrounded b}’’ a mantle of proliferating connective tissue 

Dog 4 — The kidnej>- was denervated on April 26, and the dog was killed on 
June 21 

The normal kidnej' weighed 55 Gm Grossly it appeared normal 

^Microscopicallj an occasional glomerular tuft presented degeneration of a 
single loop, and in a few Bowman’s spaces granular debris and red blood cells 
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were seen The tubular epithelium was well preserved The blood vessels were 
moderately distended with red cells 

The denervated kidney weighed 40 Gm The capsule was thick, pale gray 
and markedly adherent The renal parenchyma was pale gray to grayish pink 
Microscopically the glomerular tufts were compact and displayed rather marked 
cellular proliferation Bowman’s space was free from contents, and Bowman s 
capsule m manj' instances was thickened as a result of the proliferation of the 
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Fig 1 (dog 3) — Section of the denervated kidney after inject 
pension of B cob daily for three months Hematoxylin and eosin 


»■ i.n>. ^ 3m *4 “ti, 

kidney after injections of a sus- 
latoxyhn and eosin stain, X 240 


basement membrane There was marked focal proliferation of the interstitial 
connective tissue, which radiated from the thick-walled arterioles The lumen of 
the arterioles was diminished The tubular epithelium was narrow and atroph c, 
and m the areas in which proliferation of interstitial connective tissue was most 
marked the tubules were entirely replaced This section showed marked focal 
increase of connective tissue, which was especially well brought out b> the azocar- 
nnne stain 
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Dog 5 — The operation was pei formed on Maj" 1, and the dog was killed on 
June 21 

The normal kidne}" weighed 33 Gm Grossly the kidne}" appeared normal 

Microscopicall}'^ the glomeruli were compact and cellular, and their capillary 
tufts were moderately dilated The tubular epithelium was fairly well preserved 
The blood vessels were normal in appearance, and there was no increase of inter- 
stitial connective tissue 

The denervated kidney weighed 37 Gm The glomerular tufts were more 
markedly dilated and variable in their cellular content than those of the normal 
kidney The tubular epithelium was well preserved The blood vessels displa}ed 
no pronounced change except that they were moderatelj' distended wnth red cells 

Snmmai y of Gi onp 1 — The daily inti avenous injection of a suspension 
of colon bacilli into the five dogs of this senes in which unilateral renal 
denervation had been performed lesulted, after a peiiod of hvo months, 
in demonstiable proliferation of the media of the small aiterioles and 
proliferation of the adventitial connective tissue of the vascular coat 
Theie was an associated Imv grade inflammatory leaction with interstitial 
fibiosis and scairmg, involving almost exclusive!)' the denervated kidney 
m four of the animals The deneivated kidney was markedly decreased 
in size m three animals, inci eased in one and unchanged m the fifth 

Gioup 2 — Daily intravenous injections of pitressm were given 

Dog 6 — Tlie animal appeared normal on April 3 and was killed on Julj 25 

The kidney on which operation had been performed weighed 40 Gm and 
appeared normal on gross examination 

Microscopically the glomerular tufts were large, and their capillaries were 
distended so that Bowman’s space ivas present as a narrow' slit in most instances 
In an occasional glomerulus necrosis of a single loop W'as seen to have occurred, 
and red cells were present in Bowman’s space In other instances the glomerulus 
was smaller than its neighbors, and Bow'man’s capsule w'as thickened and hj'ahn- 
ized The basement membrane of these glomeruli was proliferated and surrounded 
b}^ a mantle of round cells Adhesions between the capsule and the tufts ivere 
seen in a few instances These changes were focal m their distribution The 
arterioles were moderatelj' thick-w'alled, and there w'as increase in the perivascular 
and interstitial connective tissue The tubular epithelium w'as w'ell preserved 
although the cells were somewhat smaller than normal, and a small amount of 
debris and a few' hyaline plugs w'ere seen in the lumen 

The denervated kidney weighed 22 Gm The capsule was thick, pale gray and 
adherent The cortex was narrow, very pale pinkish graj' and poorlj' demarcated 
from the medulla 

klicroscopically (figs 2 and 3) the tissue w'as the seat of profound changes 
characterized bj' diminution in the size of the various structures so that the 
glomeruli w'ere arranged close together The glomerular tufts displaved more 
or less marked atrophic changes, and in practicall}' all the instances there was 
marked proliferation w'lth more or less hyalinization of the basement membrane 
of Bowman’s capsule The tubules were almost entirelv lost, having been replaced 
by markedh proliferated interstitial connective tissue Their small lumens, par- 
ticularly those of the collecting tubules, contained hyaline plugs The arterioles 
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were markedly thickened, their lumens were markedlv narrowed or completely 
obliterated, and there was marked proliferation of perivascular connective tissue 
as well as of the interstitial connective tissue already described, which was the 
seat of diffuse round cell infiltration 

j)OG 7 — Denervation was performed on Mav 1, and the dog was killed on 
June 9 

The normal kidney weighed 38 Gm Grosslv it appeared normal 



Fig 2 (dog 6) — Section of the denervated kidney after intravenous injections 
of 1 cc of pitressm daily for three months Hematoxylin and eosin stain , X 480 


Microscopically the glomeruli were distended, the capillaries were filled with 
red cells, and Bowman’s space was free from contents Bowman’s capsule was 
composed of a single layer of flat cells The tubular epithelial cells were granular, 
and their free margins were fraj^ed There was a moderate degree of cellular 
desquamation into the lumens The larger blood vessels were distended with red 
cells 

The denervated kidnev weighed 38 Gm The capsule was slightly thickened and 
moderately adherent 
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Microscopically the glomeruli were essentially normal The tubular epithe- 
lium was well preserved The larger vessels were widely distended with red cells 
There was no increase in perivascular or interstitial connective tissue in either 
section 

Dog 8 — Unilateral nephrectomy was performed on April 26, and the dog was 
killed on May 31 

The kidney weighed 25 Gm Grossly it appeared normal 



Fig 3 (dog 6) — Section of the deneriated kidney after intra\eiious injections 
of 1 cc of pitressm daily for three months Azocarmme and methylene blue, 
X 400 


Microscopicalh the kidne 3 showed moderate h}^alme changes m the glomerular 
tufts, granular debris filling Bowman's spaces, marked edema and proliferation 
of the interstitial tissue wideh separating the tubules There were profound 
dcgeneratue changes in the tubular epithelial elements These epithelial cells 
were present as an amorphous or granular mass in w'hich onlj'^ a few’^ nuclear 
shadows remained and the cellular boundaries were eiitirelj" lost The smaller 
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arterioles were diminished in size, the intima was moderately proliferated the 
media was hyperplastic, and there appeared rather marked proliferation of the 
perivascular connective tissue 

SinmnaiyofGioupZ — Because of deaths aftei the injection of doses 
of pitiessin laiger than 1 cc and occasional deaths even with a dose of 
1 cc of pitiessin intiavenously, only thiee dogs smvived long enough 
foi the expel imental data to be used in this lepoit In the kidney of 
one dog pionounced penvasctilai and inteistitial fibiosis. associated with 
marked round cell infiltiation, similar to that seen in some of the dogs 
leceivmg colon bacilli, occuiied In the othei dog the deneivated kidney 
appealed to withstand the injections of pitiessin wnth less lesultmg 
damage than did the kidney on wdiich no opeiation w^as peifoimed In 
the unilateially nephi ectomized animal the lemammg kidney w'as 
umnjuied by a month of tieatment 

G)onp 3 — One cubic centimeter of pitressin and 1 cc of a suspension of colon 
bacilli were given dailj' 

Dog 9 — Denervation was performed on June 27, and the animal w’as killed on 
September 5 

The normal kidney weighed 21 Gm The capsule stripped readilv The sur- 
face was smooth and dark brownish red 

Microscopically the glomeruli were large, more or less completely filling Bow- 
man’s space In focal areas radiating through the cortex from the surface toward 
the medulla were zones m which the interstitial connective tissue was proliferated 
and infiltrated with round cells There w'as rather pronounced round cell infiltra- 
tion of the penglomerular interstitial tissue In these areas the tubular epithelium 
was narrow' and atrophic In the intervening areas the tubules w'ere well pre- 
served The blood vessels in the zones of fibrosis were moderately to markedlv 
thick-walled and w'ere surrounded by a dense zone of proliferated connective tissue 

The denervated kidney w'eighed 21 Gm It presented essentially the same 
appearance as that of the kidney on which no operation was performed, except 
that the zones of fibrosis w'ere neither as numerous nor as marked 

Doc 10 — The left kidney was denervated on June 27, and the dog was killed 
on September 5 

The normal kidney w'eighed 35 Gm and grossly appeared normal 

Microscopically the glomeruli were well preserved, the tubular epithelium W'as 
moderately narrow'ed, and the free margins of the cells were frayed A moderate 
amount of granular debris was present in the tubular lumens In a few' foci there 
was proliferation associated w'lth round cell infiltration of the interstitial connec- 
tive tissue 

The denervated kidney weighed 27 Gm The capsule was thickened and 
adherent 

Microscopically the glomeruli were large, there w'as moderate atrophv of the 
loops, and the capillaries w’ere distended with red cells Bow'man’s space was 
free from contents and the basement membrane of Bowman’s capsule was moder- 
atelv proliferated There were scattered round cell infiltration of the interstitial 
tissue and marked atrophv of the tubular epithelium The arterioles were thick- 
walled and hyalinized, and their lumens were markedly diminished in caliber 
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Sinmnaiy of G)oup 3 — In one of the two dogs which suivned 
the combined injections of colon bacilli and pitressin, the denervated 
kidney showed appi oxiinately the same changes as those of the noiinal 
kidney wheieas in the second dog marked fibiosis with interstitial 
inflammation was noted 

COMMENT 

In one animal of the eailiei senes of twenty-six dogs on wdnch one 
of us lepoited^ spontaneous difluse atiophy and fibiosis ot the 
deneivated kidney w'^eie noted In the piesent senes of dogs which 
leceived injections of colon bacilli oi of pitressm, or of both bacilli 
and pitiessin, maiked fibiosis associated with chionic inflammation in 
the deneivated kidney developed in moie than one half of the animals 
suiviving foi a month These changes involved the mteistitial tissue 
the basement membrane of Bownnan’s capsule and, moie maikedly, the 
aiterioles The chronic, low giade inflammation, whethei ascending 
or hematogenous m ongm, was aggiavated by the vasculai changes 
lesulting fiom deneivation Such pathologic changes are seen to a 
slight degiee in old dogs, but ner^ei to the degree observed in these 
experiments It is apparent that denervation in itself predisposes to 
the pathologic changes described and that the changes are hastened 
by a variety of agents wdnch are capable of causing mild arteiiolar 
injury 

The lesults can best be interpreted in the light of the function of 
the renal neives and of the expeiimental lesults that have been obtained 
aftei denervation 

Although expeiimental wmik has been lepoited supporting the 
theoiy of a secietorj^ function, the mass of evidence favois vasomotoi 
and sensoiy contiol as a dominant, if not the onl)'’, function of the 
renal neives^ The removal oi destruction of the neivous pathw'^aj' 
gives rise to functional changes wdiich can diiectly oi indnectly be 
asciibed to the loss of this vasculai contiol Chief among these 
immediate changes are increase in the volume and diminution in the 
specific giavity, but theie is increase in the amount of the total solids 
of the urine Appaiently the secretoiy piessuie of the mine lemains 
unchanged * 

Rhoads and his associates® weie unable to demonstiate a consistent 
change in renal blood flow oi uiea cleaiance aftei deneivation oi 

3 Gironcoli, F Ztschr f urol Chir 27 266, 1929 Hesse, E Surgen 
of the Vegetative Nervous S^stem, Moscow, Staatsverlag, 1930, p 243 Kuntz 
A The Autonomic Nervous System, Philadelphia, Lea & Febiger, 1929, p 271 
Ellinger, P A and Hirt, A Arch f exper Path u Pharmakol 106 135, 1925 

4 Bieter, R N Proc Soc Exper Biol S. A'led 26 792, 1929 

5 Rhoads, C P Shke, D D , Hiller, A, and Alving, A S Am 

T Plnsiol 110 392, 1934 
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cocainizatioii of the lenal pedicle of the tiansplaiited kidney in dogs 
from which the opposite kidney had been lemoved Then experimental 
methods weie not entnely comparable to those of the other workers 
m the field Then work indicates a marked automaticity of the renal 
vascular bed, which resulted m its contiol m the absence of the noimal 
neive supply and which piobably accounts, to some extent at least, foi 
the inconsistency in our lesults This conclusion is suppoited by the 
fact that the Avascular i espouse of the deneicated ear of the labbit to 
expel inieiital fever is similarly inconsistent (Pinkston 

The deneivated kidney presents a definitely alteied i espouse to 
toxic agents, such as coirosive mercuric chloiide, uianfum acetate, 
canthaiides and snake A>’enom, in that it appeals to be moie susceptible 
to damage than does the normal kidney This may be explained by the 
inability of the denervated kidney to piotect itself against toxic agents 
through Ai'asoconsti iction 

Of special importance are the leactions of the normal and the 
deneiA’^ated kidney to bacteria which may be present m the blood stream 
Hecht,^ using rabbits, demonstrated that bacteiial emboli are fewei 
and abscesses less numerous m the denervated than m the noimal 
kidney after a single intravenous injection of a suspension of staphy- 
lococci Muller and his associates ® reported that AVith a continuous 
mtiavenous injection of a suspension of colon bacilli, after fiom foity 
to sixty minutes Avhen chilling occurred, the bacteria as Avell as blood 
and albumin were excreted in the mine from the normal kidney The 
blood cells and albumin give evidence of lenal injury The denervated 
kidney continued to excrete sterile and clear urine He piesumed that 
Afasoconstriction occurring AVith the chill lowered the lesistance of the 
renal tissue to the point at which the kidney was unable to withstand 
the injuiious effects of the bacteria In order to test this hypothesis 
furthei he first chilled the animals by means of an ice pack and then 
began continuous intravenous injections of colon bacilli He reported 
that, instead of an interval of from forty to sixty minutes befoie changes 
were noted, bacteiia, blood and albumin were found almost immediately 
m the urine from the normal kidney, whereas the denervated kidney 
continued to exciete urine which was apparently unchanged One of 
us® studied the urine collected separately from noimal and denervated 
kidneys and obserA’^ed certain phenomena in connection with the intia- 
venous injection of bacteria After a single mtiavenous injection of 

6 Pinkston, JO Am J Physiol 110 448, 1934 

7 Hecht, R Proc Soc Exper Biol & Med 29 212, 1931 

8 Muller, E F , Petersen, W F, and Rieder, W Verhandl d deutsch 
Gesellsch f inn Med 42 580, 1930 

193 ^^ ^fibes, G , and Nedzel A J Proc Soc Exper Biol &. Med 29 976, 
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a suspension of Bacillus piodigiosus the uiine fiom the noiinal kidney 
contained the oiganisins in far gieatei numbers than did that from 
the deneivated kidney Pievious injuiy with snake lenoin decreases 
the ability of the noimal kidney to excrete hacteiia but does not 
altei the lelatn^e lates of bacterial excietion of the noimal and denei- 
vated oigans 

The woik of Dastre and Moiat/“ amply coiioboiated and extended 
by Petersen and Mullerd’^ demonstiated a balance of vasomotoi tonus 
between the peiipheral, oi bettei the extiapeiitoneal and the mtia- 
peritoneal splanchnic vasculai bed Biiefly, this consists in the ti\o 
divisions of the Avascular bed of the oigamsm being in opposite states 
of vascular tonus In this giouping the kidneys aie oriented with the 
skin In experiments ivith acute injui}'^ it is appaient that the A’^asomotoi 
neives of the kidney cause constiiction in the lenal vascular bed duiing 
a chill concomitant with vasoconstriction in the skin With the Aaso- 
constriction in the kidney the mechanical effect of aa ashing Avith a 
laige volume of blood AAdnch noimally inteifeies Avith the localization 
of bacteria (stoppage) is lost More impoitant, hoAvever, is the diminu- 
tion of the blood supply to actiA'^ely metabolizing tissues, Avith the 
lesultant local anoxemia and failuie of lemoval of tissue metabolites 
These factois loAvei the local resistance of the tissues and markedly 
increase the tendency of bacteiia to localize The noimal fluctuations 
in the lenal vascular bed Avhich pioduce aieas of a asoconstnction and 
vasodilatation haA'^e a similai, but much less maiked effect Exposuie and 
chilling, such as aie a common expeiience of persons in the rigoious 
climates, have perhaps even more effect m causing the localization of 
bacteria in the kidneys Thus a common histoiy of onset in acute 
nephritis is one in Avhich the complaint began AVith exposuie and chilling, 
AAhich, as Ave have experimental eAudence to piOA^e, pioduce maiked 
peiipheral and renal A^asoconstriction CoiiA'^ersely, AAith the suigical 
remoA^al of the lenal nerve supply a moie oi less permanent vasodilata- 
tion occuis, Avhich is unaffected by the nervous orientation of the lest 
of the oiganism In expeiiments dealing Avith acute infection it pie- 
A^ents the excretion of bacteria into the urine and defeats the localization 
of bacteria AAith the resultant injuiy to the tissue of the kidney b}'’ the 
organisms 

Destruction of the renal nerve supply appears to haA^e an entirely 
diffeient effect if the animal is subject to lepeated insults judging 
from the experiments Avhich Ave liaAfe aheady detailed In analyzing 
these results the fact that the deneiA'^ated kidney is likely to be damaged 

10 Dastre, A, and Morat, J P Recherches expenmentales sur le S 3 steme 
ner\eux Aaso-moteur, Pans, G !Masson, 1884 

11 Petersen, 'W F , and Muller, E F* Arch Int Med 40 575, 1927 
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seveiely by daby lnt\a^enous in3ecUon o{ pitressui oi colon bacilli, oi 
both, IS apparent In oicler to explain this one must conclude that when 
depiived of the normal nei\e supply the lenal vasculai bed goes into 
a state of atonic dilatation and that this lesults, aftei a peiiod of time, 
not in impioved but in i educed lenal cii dilation as the result of stasis 
Under these cn cumstances the deneivated kidney would be piotected 
against the spastic eflects of a single injection of a noxious agent When, 
however, the insult is lepeated daily foi a peiiod of time diiect injuiy to 
the tissues occuis, as is indicated by a low giade prohfeiative inflam- 
mation, the result of the summation effects of the circulatoiy distuibance 
and the noxious agent Theoretically, the same effects might be obseived 
after deneivation even without the injection of an injurious agent 
since the degree of dilatation and stasis obtained must vaiy m different 
animals This was noted but once in a sei les of twenty-six dogs ^ 
Physiologicall}'', renal function is usually unimpaired for as long as two 
months after bilateral denervation without the injection of a noxious 
agent (Caldwell, Marx and Rowntree’-) Nisio and Seres 
observed degenerative changes m the kidney after denervation in some 
animals The kidneys, which are obseived to be the site of the marked 
degenerative changes described, are pale on gioss examination, owing 
to anemia which is the result of the maiked vasculai fibrosis seen 
histologically 

In short, after denervation the renal vascular bed tindeigoes a 
period of dilatation and improved circulation lasting but a few weeks 
or months This gives way to a period of dilatation and stasis The 
resulting stasis and anoxemia plus an additional noxious factor, oi 
occasionally the first condition without the second agent, gives use 
to a low grade interstitial inflammation with marked proliferation of 
connective tissue 

Much the same condition may be visualized as occurring even m 
the normal kidney As the result of the summation of the normal 
wavehke fluctuations in the vascular tone fortified bv maiked fluctua- 
tions in the environmental factors, especially the meteorological,^'' the 
kidney may be in a state of dilatation and stasis, equivalent to denerva- 
tion, for variable periods Under these circumstances, transient 
bacterelnia or toxemia, encountering the kidney in a state of minimal 
resistance would inflict damage mounting with each lecunence 

12 Caldwell, J M , Marx, H , and Rowntree, LG J Urol 25 351, 1931 

13 Nisio, cited by Gironcoli ^ 

14 Seres, M Rev med de Barcelona 1 220 1924, abstr , Ztschr f urol 
Chir 17 54, 1925 

15 Petersen, W F , and Milliken, Margaret E The Patient and the Weather 
vol III Mental and Nervous Diseases Vol II A.utonomic Dvsintegration Ann 
Arbor, Mich, Edwards Brothers, Inc, 1934 
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SUMMARY 

After deneivation the dog’s kidney was obseived to be subject to 
mild chronic inflainmatoi}'^ and marked degeneiative changes when it 
was subjected to repeated injections of colon bacilli oi pitressin, or of 
both We conclude that this is the diiect result of the loss of nervous 
control with attendant dilatation and stasis loweimg the resistance of 
the tissue to the mjuiious agents to which the oiganism was subjected 
lepeatedly for long periods of time 



MECHANISM OF ACUTE INFLAMMATION 


VIRGIL H MOON, MD 

rillLADELPHI \ 

This discussion will be limited to the eaily vasculai and cellulai 
phenomena which develop in and about an area of local injury to the 
tissue This response to an injuiy consists essentially m changes m the 
caliber and permeability of vessels, the development of an exudate locally 
and leukocytosis both geneial and local The subsequent phases of local 
inflammation will not be discussed A gioup of obseivations furnished 
by various workers may be assembled and con elated into an intelligible 
picture of the mechanism of inflammation 

Ebbecke’s ^ physiologic studies on vascular reactions to irritation sug- 
gested a new inteipretation of such reactions His results illustrated 
Pfluger’s dictum that physiologically the conditions giving rise to a need 
likewise provide for supplying it (Die Ursache des Bedmfmsses zugleich 
die Uisache fur die Befriedigung des Bedurfmsses) He showed that 
irntatioiial and inflammatory hyperemia result not from nerve stimuli 
but from substances released locally by tissue cells and that following 
mechanical, electiical or chemical stimulation such substances affect the 
adjacent vascular structures, causing dilatation, slowing of the blood 
flow, increased permeability of the capillaries and edema This capil- 
lary-dilating substance was similar m its action to Heidenhain’s 
lymphagogues and to the substances which produce urticaria, foreign 
protein reactions and the like Ebbecke explained the cellular prolifera- 
tion seen in later stages of inflammation as being due to a “wound 
hormone” derived from the injured tissue This interpretation is sup- 
ported by the recent demonstration of growth-stimulating substances 
such as trephones both m vnm and m vitro 

The mechanism of local vasculai leactions m human skin was studied 
extensively by Lewis ^ and his associates Mechanical or other forms 
of irritation are followed by a reaction with uniform characteristics 
legardless of the type of irritation This reaction consists m (1) local 
dilatation and hyperemia of the minute vessels, (2) a spreading flare 
resulting fiom leflex dilatation of adjacent arteiioles and (3) a pale 
cii cumscnbed wheal resulting fiom increased peimeabihty of the walls 

Aided by the Martin Research Fund 

From the Department of Pathologj', Jefferson Medical College 

1 Ebbecke, U Arch f d ges Physiol 169 1, 1917, 199 197, 1923 

2 Lewis, Thomas Blood Vessels of the Human Skin and Their Responses 

London, Shaw &. Sons, 1927 ’ 
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of the caiJillaiies Chemical examination of the fluid fiom such n heals 
leA'-ealed it to haA^e a pioteiii content closely appi oximating that of blood 
plasma It had a highei piotein content than that of fluid from the 
l}mph spaces of the same limb oi than that of edema fluid fiom dropsical 
patients 

The complete tuple i espouse occuiied in aieas in Avhich the sensoiy 
innervation had been inteiiupted lecently HoAveA'^ei, in skin anesthetized 
by nei ve block Avith cocaine the local i ed reaction and the Avheal occui red 
as m noimal skin, but the spieading flaie Avas absent Neithei did the 
flaie OCCUI in aieas Avheie complete degeneiation of cutaneous nen^es had 
occui red For these leasons the flaie AA^as explained as an axon leflex 
lesultmg in dilatation of adjacent aiteiioles, but the local dilatation of 
capillaiies and the edema Aveie caused by some mechanism independent 
of innerA'^ation 

The tuple i espouse AA'^as pioduced chaiacteiistically bj vaiious agents 
These included histamine, buining, fieezing, faiadic cm lent, intense 
light, vaiious acids, alkalis and salts, inustaid oil, cantharidin, nettle 
stings, bites and stings of insects, peptone and foieign piotems Bac- 
terial toxins jiroduced similai results but Avith Aaiiations in the time 
factor 

LeAAUs piesented an impiessiA'e an ay of CAudence dein'^ed fiom A’'aued 
expeiiments Avhicli suppoits the conclusion that this leaction is produced 
not by the irutant itself but by a substance leleased from the cells m 
1 espouse to the irritation The injection of Avateiy extracts of normal 
human epidermis into the skin pioduced Avheals indistinguishable from 
those produced by solution of histamine Numeious analogies Aveie 
found between this substance and histamine He concluded that the 
mechanical stioke or any othei foim of nutation to the skin produces 
mjur)^ to the deep epidermal cells and that m i espouse to this injury 
the cells liberate a dififusible substance Avhich acts like histamine on the 
AA'alls of the capillaries, causing them to dilate and to become more 
permeable Loaaus could not distinguish this substance from histamine, 
but lacking absolute chemical identification he spoke of it as H-substance 
He stated that wheneA^er the skin displays an acute leaction in the form 
of the triple response that leaction is piovoked by Fl-substance 

Hams ® found that histamine is leleased m a diffusible form follow- 
ing burns made on the skin of mammals He made physiologic assays 
for histamine m noimal human epideimis and found fiom 22 to 24 mg 
of histamine per kilogram Kalk and Haimer and Hams ° cor- 
roboiated this finding Histamine has been demonstrated by man} 

3 Hams, K E Heart 14 161, 1927 

4 Kalk, H Ztschr f klin Med 109 118, 1928, Klin Wchnschr 8 64, 

1929 

5 Harnier, I M , and Hams, K E Heart 13 381, 1926 
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workeis (Best and Mctlenry'') in similai amounts in tissue of the 
lung and gastro-intestmal mucosa and in vaiymg amounts in othei tis- 
sues Loos" produced acute serous inflammation m rabbits' eais by 
the application of hot watei He exti acted histamine fiom the inflamed 
ear in eight times the concentration found in the noimal ear of the same 
labbit He found also that histamine in a dilution of 1 40,000 inci eased 
the phagocytic activity of leukocytes in vitio Othei repoits have sug- 
gested a lelationship between histamine and phenomena associated with 
injuiy to tissue 

Dale® leviewed and coiioboiated Lewis’ investigations and con- 
clusions and stated 

If H-substance is not histamine it is a substance which immediatelj^ yields it 
when the simplest and least injurious procedures which we can devise are applied 
to its extraction from the cells and its isolation for chemical studj"^ We 

have as good chemical evidence of the presence of histamine in the cells of the 
body generally, and of its liberation from them under certain conditions, as we 
have of the existence of adrenalin m the suprarenal medulla, and of its secretion 
as such into the blood 

Krogh ® endprsed the conclusion that histamine oi H-substance is 
hbeiated fiom the skin of mammals whenevei and however the cells 
are injured and that it atfects the capillaiies in two paiticulais It 
causes them to dilate, producing local hypeiemia, and it increases then 
permeability, causing local edema and swelling 

Lewis found that both the triple response to any injury and the 
reaction to a solution of histamine pricked into the skin j^ioduced a 
local increase m tempeiature Khng found that the therapeutic appli- 
cation of histamine to the skin by cataphoiesis inci eased the local tem- 
perature by 2 or 3 C Histamine even m high dilution is iriitatmg to 
sensoiy nerves and produces pain This factor plus the inci eased 
tension lesulting from edema may account for the pain which develojDS 
following local injury to cells The local cutaneous leactions to histamine 
lesult m heat, redness, pain and swelling, the caidmal signs of acute 
inflammation It is self-evident that thiee of these aie meiely the 
visible evidences of vasculai changes 

The observations cited may be summarized as follows The cells 
of noimal tissues contain some combination of histamine in a nondif- 
fusible form The amounts of this aie gi eater m tissues which aie 

6 Best, C H , and McHemy, E W Physiol Rev 11 371, 1931 

7 Loos, H O Arch f Dermat u Syph 161 199, 1931 , Ztschr f d ges 
exper Med 75 463, 1931 

8 Dale, H H Lancet 1 1235, 1929 

9 Krogh, A Anatomy and Physiology of Capillaries, ed 2, New Haven 
Conn, Yale University Press, 1928 

10 Khng, D H Ann Surg 99 568, 1934 
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most subject to injmies, such as the skin, the lespnatory system and 
the gasti o-mtestmal tiact The cells when injured hheiate histamine 
locally 111 a diffusible foim It affects the adjacent capillaries, causing 
them to dilate and to become umesponsive to substances or nerve 
impulses which pioduce contraction Also, it inci eases the peimeabihty 
of the capillary endothelium, resulting m tiansudation of plasma which 
produces edema If the sensoiy neive fiheis are intact histamine causes 
reflex dilatation of neighhoiing arteiioles, thus inci easing the flow of 
blood The vasculai phenomena of inflammation, lesulting in dilatation 
of aiteiies and capillaries, congestion, edema and swelling, have leceived 
an acceptable explanation 

These observations laise the question of what lelationship may exist 
between histamine and the leukocj'tic phenomena associated with inflam- 
mation This question maj'^ best be discussed undei general (blood 
stream) and local leukocytosis Few studies have been made on the 
effects of histamine on the leukocj^tes in the blood Lieber, Kennedy 
and I have leviewed the hteiatuie and have lepoited on the effects of 
histamine admimsteied intiavenously and subcutaneously to cats, mon- 
keys and human subjects Single intravenous injections of fiom 1 to 
2 mg weie followed legulaily b}'’ a marked inciease in the numbei of 
polymoiphonucleai cells in the blood of cats The numbei letuined to 
noimal within twenty-foui houis Subcutaneous injections of histamine 
into monkeys were followed legularly by maiked leukocjdosis The 
effects appealed to vaiy with the dosage and the count lemained above 
noimal foi three oi foui days Following the injection of 0 75 mg 
the count rose from 5,400 to 18,850 within two houis Following 
the injection of 9 mg the count rose from 5,550 to 57 550 within 
one houi In human subjects the effects weie much less marked, 
perhaps because of the small dosage m propoition to the bod)'^ weight 
The mtiavenous injection of fiom 0 5 to 1 mg was followed by a 
slight mciease m the number of poljmioiphonucleai cells m the blood 
Subcutaneous injections of from 2 to 3 mg produced no significant 
changes Injections of 5 mg pioduced a model ate mciease m the 
numbei of polymorphonuclear cells in the blood 

We concluded that the injection of histamine phosphate causes leuko- 
cytosis Howevei there is a question whethei the degree of this lelative 
to the amount injected is propoi tionate to the leukocytosis associated 
with extensive inflammation Such leukocytosis may be due m pait to 
histamine and m part to some othei factoi associated with inflammation 
Or the form m which histamine exists m the tissues maj'’ be more 
effective than is histamine phosphate 

11 !Moon, V H , Lieber, M M, and Kennedy, P J Arch Path 20 209, 
1935 
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Attention is now directed toward the local accumulation of leukocytes 
m and about areas of injuiy to the tissues A mild local bum fuinishes 
conditions suitable for observations on this phenomenon It is a simple 
injury uncomplicated by the presence of bacteiia oi of any foieign 
substance No external agent or factor is introduced The leaction to 
such an injury must depend entirely on endogenous piocesses 

EXPERIiUnNTAL OBSERVATIONS 

Experimental burns were made on guinea-pigs A metal rod 5 mm m diam- 
eter with smooth ends was sterilized and heated m water at 90 C The end of 
this rod was held against the skin of the abdomen of a gumea-pig for ten seconds 
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Photomicrographs of {A) subcutaneous tissue one hour after a burn Marked 
edema is present and the migration of leukocytes is beginning B shows sub- 
cutaneous tissue eight hours after a burn Inflammatorj^ edema, migration of 
leukocytes and diapedesis of red cells are marked The accumulation of leuko- 
cytes m the upper part of the field is just beneath the burned area 


The entire abdomen had been clipped, shaved and sterilized as for a surgical 
operation The possibility of infection was minimized by covering the abdomen 
with a sterile gauze dressing following the burn A senes of such burns was 
made at inter\als on the same guinea-pig, after which sections of the skin were 
prepared for microscopic study MTthin one hour the capillaries and venules were 
widely dilated m the deep cutaneous and subcutaneous tissues, distinct edema was 
present, and the migration of leukocytes was beginning (figure) At later periods 
the leukocytes were progressively more numerous and had wandered away from 
the vessels This migration was not uniform m all directions but was from the 
lessels and toward the burned areas The eiidence indicated that some substance 
w'as attracting the leukocytes into the areas of injury Repetitions of this experi- 
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ment gave uniformly similar results Ihose who have not made a study of acute 
inflammation, the time factor of which is known definitelv, have an imperfect idea 
of the speed with which the reaction develops m previously normal tissue The 
vascular response is immediate , the development of edema begins within a few 
minutes, and leukocytic migration begins within an hour Within eight hours 
all the features of acute inflammation are fully developed The area is hypercmic 
and swollen, the tissue fibers are separated by marked edema and a marked leuko- 
cytic infiltration is present (figure, B) 

In another experiment blisters were raised by burning human skin in areas 
previously sterilized as for a surgical procedure The mouth of a test tube 
5 mm m diameter filled witb water at 80 C nas held against the skin for five 
seconds A characteristic hyperenne reaction with surrounding flare developed 
immediately Shortly the edematous swelling caused separation of the superficial 
epithelial layer, and a bleb was formed Counts of the leukocjTes m such blister 
fluid were made at varying intervals following such burns A few representative 
counts on such fluid, together with the elapsed tunc following the burns, are 
given m tbe following tabulation 


Leukocytes Elapsed Time, Hours 


2,750 3 

4,700 3 

8,600 3 

2,400 6 

12.650 6 

17,350 6 

21,200 24 

27.650 24 


This inigiation of leukocytes into blister fluid appaiently was not 
due to bacteiia The aieas weie steiile, and no bacteiia were found in 
the fluid Neithei Avas it due to othei extraneous agents foi no foreign 
substance of any kind A\as intioduced One cannot escape the con- 
clusion that the substance Avhich attracted leukocytes was deiived fiom 
injuied cells 

Others have made obseivations on leukocytosis following bums 
Pack lepoited that what he called “burn toxin” AAas chemotactic foi 
leukocytes Schattenbeig and Haiiis^® demonsti ated that local leuko- 
cytosis lesulted wdien rabbits’ ears Aveie immeised in watei at a tem- 
perature of 44 C The untreated eais of the same rabbits were used 
as controls Pack, Underhill, Askanaz}'^ and othei s ha\e attested 
the fact that geneialized leukoc 3 'tosis follows extensn'^e superficial bums 


12 Pack, George T Arch Path 1 767, 1926 

13 Schattenberg, H J , and Harris, W H Proc Soc Exper Biol &. Med 
29 269, 1931, 29 1052, 1932 

14 Underhill, F P , Kapsinow, R, and Fisk, M E Am J Ph 3 Siol 95 315, 
1930 

15 Askanazj M, m Aschoff, L Pathologische Anatomic, ed 7, Tena, Gus- 
tac Fischer 1928, aoI 1, p 69 
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Locke made studies of the blood immediately following such bums in 
ten patients Marked leukocytosis was piesent m eveiy case The 
counts langed between 10,000 and 50,000 within two and one-half 
houis He found that maiked leukocytosis appealed within 
an horn and that it was piogressive and piopoitionate to the 
seventy of the burn Regularly in fatal cases the count was above 
50,000 before death I know of no othei condition capable of pro- 
ducing so high a leukocyte count in so sboit a time It is as if a sudden 
call to arms had roused myiiads of defendeis fiom then tents The 
question is whether the alarm was telegraphed by w^ay of nerve fibers 
or was cairied to the bone maiiow and othei distant parts bj the subtle 
means of a substance released by injured cells 

The evidence thus fai indicates that systemic leukocytosis follow's 
the injection of histamine in expeiimental animals and m man, that 
systemic leukocytosis follows extensive superficial bums and that leuko- 
cytes ate atti acted towaid burned aieas by some substance released 
locally as a lesult of the injury The question is whethei that sub- 
stance is histamine 

Wolf leported that a 0 000025 pei cent solution of histamine w'as 
strongly chemotactic However, Bloomd® PauP° and othei s were 
unable to find evidence that histamine has any chemotactic effect Fol- 
lowing the technic which Wolf described and wnth modifications of it 
in vitio I did not note increased migiations of leukocytes toward inert 
substances containing vaiying concentrations of histamine Expeiiments 
w'eie then devised to secuie furthei evidence on this point' m vivo 

In one senes of experiments cyhnclnc bits of elder pith of uniform size, 4 by 
10 mm , were first soaked in ether, in alcohol and in salt solution for twenty-four 
hours each to remove any soluble substances These were then saturated with 
physiologic solution of sodium chloride containing histamine phosphate in a 
1 10,000 solution and were implanted m animal tissues through a canula by the 
method devised by Konzelmann and me 20 Some were introduced into the peri- 
toneal cavity and others into the loose subcutaneous areolar tissue In every 
instance a bit of elder pith saturated with physiologic solution of sodium chloride 
was similarlv implanted as a control Plugs saturated with histamine were 
implanted in nine monkeys, eight cats and four guinea-pigs After from six hours 
to twenty-four hours the animals were killed and the reaction about the histamine 
pith was compared with that of the control In every instance there was a 
marked zone of congestion about 2 cm in diameter surrounding the pith saturated 
with histamine There was none about the controls The capillaries and venules 
111 the former areas were markedly distended, congested and prominent as com- 
pared with those around the controls Microscopic examination revealed numer- 

16 Locke, E A Boston M & S J 147 480, 1902 

17 ^¥ol^, E P J Exper Med 35 375, 1921, 37 511, 1923 

IS Bloom, W Bull Johns Hopkins Hosp 33 185, 1922 

19 Paul, J R Bull Johns Hopkins Hosp 32 20, 1921 

20 Moon, V H , and Konzelmann, F W Arch Path 10 587, 1930 
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ous leukocytes about both test and control piths There was no evidence of 
active invasion of the pith by cells, and leukocytes were apparently as numerous 
about the control piths as about the ones containing histamine 

In another series of animals histamine was mixed with neutral 2 per cent agar 
and was injected subcutaneously Injections of agar without histamine were used 
as controls Congestion was more marked about the histamine and agar, but 
leukocytosis was equally marked about each 

/ 

These experiments m vivo indicated that histamine pioduces marked 
hypeiemia, especially of the capillaries and venules, when intioduced into 
living tissue Theie t\as complete absence of evidence that histamine 
phosphate attiacts leukoc3Tes locall} In each of the implantation 
experiments some degiee of local mjur}'^ to the tissue t\as pioduced 
The evidence indicates that some pioduct of cellular mjuiy othei than 
histamine is responsible foi the local atti action of leukocytes These 
mteipietations aie m agreement with the conclusions of Morgan from 
similai expel iments that the chemotactic substance is not histamine 
but IS some other product of mjur}' to the tissue 

COMMENT 

A wealth of hteiatuie has lesulted fiom efforts to discover what 
functions histamine serves in the physiology of noimal tissues There 
is agreement that histamine in veiy low concentration causes capillaries 
and venules to dilate and to become more permeable It appears that the 
immediate vasculai reaction to local injury to the tissue — the vascular 
phenomena of beginning inflammation — results from this action The 
experiments b}'^ Liebei and me indicated that laige amounts of histamine 
such as might be released from extensive injuiies may cause a systemic 
mobilization of leukoc}d;es It appears that histamine produces othei 
systemic phenomena associated with inflammation Weiss, Robb and 
Ellis-- made studies on vaiious manifestations follownng slow con- 
tinuous injection of histamine into human subjects The quantities 
gnen were not sufficient to produce such ciiculatoiy disturbances as 
follow'’ the sudden administration of histamine in large amounts They 
noted an increase in the cardiac rate, the caidiac output w'as increased 
20 per cent, and the basal metabolic late w'as increased fiom 15 to 50 
pel cent Concuirent observations on body temperatuie w'ould be of 
interest had they been lecorded 

My expel iments indicated that the substance wdnch attiacts leuko- 
cytes into areas of injury to the tissue is derived fiom injuied cells 
They also indicated that this attraction is due to some other substance 
than histamine Krogh suggested that other products of cellulai disin- 

21 klorgan, J R E Arch Path 18 516, 1934 

22 Weiss, S , Robb, G P and Ellis, L B Arch Int Med 49 360, 1932 
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tegiation are cheniotactic Lewis admitted that theie may be moie than 
one H-substance, some of \\hich may have othei piopeities than those 
of histamine It would not be stiange if the same substance which 
attracts leukocytes locally should also be effective m pi oducmg systemic 
leukocytosis 

The deposition of fibiin in aieas of inflammation was not made the 
subject of study It was shown by Lewis that the edema fluid m 
wheals is similai m composition to blood plasma Such fluid contains 
fibrinogen and other factois necessaiy to the foiination of fibrin in the 
presence of 1113 uied cells Appaiently the piesence or absence of fibrin 
111 inflammation is conditioned on the degiee of mci eased capillary 
permeability If this is mci eased only slightly the edema contains less 
plasma proteins, and fibiinogen may not be piesent in it 

All the phenomena of acute inflammation aie explainable as local 
leactions to substances released b}'' injuied cells In the language of 
Lewis, the agent that alarms the gairison and mobilizes the ^asculal 
defenses is a chemical agent denied f 10111 the tissues The perfection 
of this mechaiiisin is such that the defense is organized immediately 
and at every threatened point , it is arianged and earned through locally, 
being independent of higher systems of coiitiol (neivous) and of dis- 
tribution (caidiovasculai) It develops and runs its chai actei istic 
course even 111 denervated areas 

Complex animal organisms aie endowed with several physiologic 
mechanisms which are operative only m emeigencies These are pro- 
tective and aie automatically activated by some factor inherent m the 
emergency itself Examples of such mechanisms may be seen in the 
increased discharge of epinephiine into the blood in 1 espouse to pain, 
fear or other emotions, the coagulation of blood following mjuiies to 
the w^alls of the vessels, and the development of immunity as a leaction 
to certain infections The inflammatoiy leaction may best be intei- 
pieted as belonging in this group of physiologic mechanisms It is the 
local reaction of vessels and cells (leukocytes) to an injury It is 
protective in character and purpose, designed to lessen the effects of 
the injury and to facilitate repaii and restitution 

A mechanism by which mjuied tissues may themselves initiate a 
local and systemic defensive reaction independent of nerve impulses 
and of remote contiol is admirably adapted to the pui poses of defense 
and repair 

CONCLUSIONS 

The local A^asculai and cellular phenomena of acute inflammation 
lesult from the libeiation of substances from injuied cells 

One such substance ivhich appaiently is some combination of 
histamine produces the lasculai reactions resulting in congestion, 
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capillary dilatation and peimeability, edema and local elevation of tem- 
peratui e 

Systemic leukocytosis lesults fiom the injection of histamine phos- 
phate into animals Histamine released from extensive areas of injuied 
tissue IS piohahly a factoi m producing the resulting leukocytosis 

A suhstance leleased fiom injured cells attracts leukocytes to the 
area of injuiy This same suhstance may also he effective in systemic 
leukocytosis Appaiently this suhstance is not histamine 

There is evidence that inciease m the metaholic rate and in the 
rapidity of cii dilation follows the injection of histamine This may 
he a factor in the systemic leactions which accompany extensive 
inflammation 



LATE CHANGES IN THE LIVER INDUCED BY 
MECHANICAL OBSTRUCTION OF THE 
HEPATIC VEINS 

J P SIMONDS, MD 

AND 

FLOYD H JERGESEN, MD 
cnicAco 

Numerous methods have been employed m attempts to produce 
experimental ciuhosis of the hvei As shown m the lecent leview of 
the subject by Moon/ most investigators in this field have used some 
poison which, in most instances, caused varying degrees of fibrosis lather 
than typical cirrhosis Peimanent occlusion of the hepatic veins by 
obliterating endophlebitis, reviewed by Hess - m 1905, by Meyer ® in 
1918 and by Satke-^ m 1929, induces vaiying degrees of fibiosis of the 
liver No one appears to have studied the late effects of temporary 
occlusion of the hepatic veins, although Simonds and Callaway ° have 
repoited the changes in the liveis of dogs duiing the first seven days 
following such opeiative pioceduie This papei is a lepoit of the 
anatomic alterations and the functional changes m the livers of twelve 
dogs following mechanical obstiuction of the hepatic veins by the method 
described by Simonds and Brandes ® for periods of from ten to fifty 
minutes The animals weie put to death at intervals fiom the seventh 
to the sixtieth postoperative day 

observations 

The dogs were selected foi these experiments without legard to age 
or sex Pentobarbital sodium given intiavenously in doses of from 30 
to 35 mg per kilogram of body weight was used as an anesthetic in all 
experiments except the last two, in which morphine, atropine and 
ether were employed The mechanical occlusion of the hepatic veins was 
maintained for thiity minutes in all except three dogs In these three 
animals the periods of occlusion were ten, eighteen and fifty minutes, 
respectively During obstruction of the hepatic veins the hvei became 

From the Department of Pathology, Northwestern University Medical School 
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greatly enlaiged, cyanotic, tense and firm Immediately following lelease 
of the veins it rapidly deci eased in size and again had the appearance 
and feel of a normal hvei As soon as the dogs lecoveied fiom the 
immediate effects of the opeiation all except dog 10 ate heaitily and 
appealed to be in good health until put to death 

Hepatic Function — Biomsulphalein tests of hepatic function weie 
made on all animals Fiom 2 to 4 mg of the d}e pei kilogiam of body 
weight was given intravenously, and blood specimens treated with oxalate 
weie collected fifteen and thirty minutes aftei administration We hare 
considered a 15 pei cent retention of bromsulphalein in the plasma at 
fifteen minutes when a 4 mg dose was employed to he the maximal 
noimal retention m the dog In only one instance (dog 15) did we 
obseive a significant letention following opeiation Twenty-foui hours 
aftei opeiation, with a dose of 4 mg per kilogiam of body weight, 
there was fiom 50 to 60 pei cent retention of bromsulphalein at fifteen 
minutes and 20 pei cent letention at tliirt} minutes Seventy-twm hours 
aftei operation, 20 per cent of the dye had been retained at fifteen 
minutes and a meie trace at thiity minutes The lipase test (see next 
paragraph) w^as negative m this dog The pathologic changes in the 
hvei when the dog was killed with chloiofoim on the thiity-fifth post- 
operative day w^eie no moie maiked than m other animals m group 1 
desciibed later 

Blood Lipase — The blood lipase was investigated m eight dogs The 
technic employed differed fiom that suggested by Cheriy and Ciandall' 
only m that a contiol test was made wath each determination These 
authois stated that both m dogs and m man lipase capable of splitting 
olive oil appeal ed m inci eased amounts in the blood only wdien pathologic 
changes weie present m the hvei and pancreas Oui results have been 
expressed in the numbei of cubic centimeteis of twentieth-noi mal 
sodium hydroxide lequired foi neutralization of the fatty acid liberated 
by the lipase A leading of 0 2 cc of twentieth-noimal sodium hydi oxide 
has been considered the maximum of expeiimental erior and the maxi- 
mum normal lipase content of the blood No significant use w'^as found 
m three dogs (6, 14 and 15). wdiile in five there was a distinct rise 
following opeiation (table) The titer of the low'^est maximal mciease 
of blood lipase m these five dogs w'^as 08 cc of tw'^entieth-noimal sodium 
hydi oxide m dog 8, the highest w’-as 6 65 cc m dog 13 The highest 
titeis of blood lipase w^ere noted during the first five da 3 ^s following 
operation In four dogs the blood lipase returned to noimal le\els by 
the tenth postoperative da)" while in one animal (13) it was not investi- 
gated aftei the fouiteenth postoperative day, although at that time it 
had not returned to normal If the piesent conception of the significance 


7 Chern, I S , and Crandall, LA Am J Phvsiol 100 266 1932 
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of this enzyme that splits olive oil is coirect, these five animals should 
be considered as having had either pieoperative or postopei ative pan- 
creatic 01 hepatic damage Three of these dogs (8, 10 and 11) weie 
killed on the seventh, fourteenth and ninth postoperative days, respec- 
tively', and belong in gioup 1 , the other two (9 and 13), each killed on 
the sixtieth day after opeiation, w^ere in group 2 Inasmuch as the 
increase in blood lipase occurred m the fiist ten clays aftei occlusion of 
the hepatic veins, it is possible that the changes m the livei cells char- 
acteristic of group 1 may be associated with the inciease of lipase in 
the blood This supposition is, in a measure, in harmony with the 
obseivations of Whipple® The thiee dogs with noimal blood lipase 
belong in group 2 

The presence of an olive oil-splitting enzyme was clemonsti ated in 
the blood of dog 10 before operation Whether the yellowish areas of 
fatty change m the liver obseived at operation and piesent as “fatty 
infarcts” (Cesaris Demel,® Marias^®) in sections had any bearing on 

Results of Study of Blood Lipase tit Dogs zoith E\ pet mental Obsttuction of 

Hepatic Veins 
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the preoperative positive titer is uncertain, for we have noted the 
presence of lipase in the blood of a few supposedly normal dogs 
examined at random This dog was seized with uncontrollable gen- 
eiahzed convulsions and was put to death fourteen days aftei operation 
These convulsions could not be adequately exiilamed The blood showed 
95 mg of sugar per hundred cubic centimeters Unfortunately the blood 
calcium was not determined The paiathyroids howevei, were slightly 
enlaiged, compact and free from intercellular fat It is piobable, there- 
fore, that the convulsions were not related to tetany The changes in 
the Inei neie those described in group 1 in a subsequent paragraph 
and were apparently no gieatei than those m other dogs in this gioup 
nhich did not have convulsions The pancieas and kidneys weie essen- 
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tially noimal Examination of the brain foi Negri bodies and othei 
changes levealed nothing that explained the convulsions They may, 
theiefore, have been associated with hepatic insufficiency 

Hepatic Changes — These dogs can be divided into two equal gioups 
of SIX animals each on the basis of the type of changes m the hepatic 
cells 

1 In gioup 1 the hepatic cells were sw^ollen and gianular In only 
two dogs (10 and 12) did sections stained wuth sudan III show appre- 
ciable amounts of fat The nuclei w'^eie either normal in appearance oi 
weie pale or p 3 '^knotic Occasionally one or more cells were without 
nuclei The sinusoids w’^ere, in geneial, nairow’^ed but distinctly visible 
In all liveis m this group there w'^eie scattered, iiregulai, usually small 
aieas in wdnch the sinusoids of one or more lobules w'^eie distended wnth 
blood This type of change w'as more common m the earliei stages, 
although It w^as present in a dog killed on the fifty-second postoperative 
day 

2 In group 2 the hepatic cells w'ere enoimously swollen, their out- 
lines very distinct, then cytoplasm cleai and foamy, and then nuclei 
usually small and hypei chromatic oi, sometimes, absent (fig 1) This 
is believed to be h 3 '-dropic degeneiation oi inti acellular edema Fat 
was present m the livei cells in dog 13 onl 3 q the animal which had the 
highest titer of lipase The sinusoids w'^ere collapsed and distinguished 
only with difficult 3 '^ The lobules w'^ere piactically bloodless except foi an 
occasional isolated led blood cell squeezed in a iing of hepatic cells 
The sections had the appearance of a veiy fine mosaic, and the geneial 
histologic architectuie was gieatl 3 '’ obscuied but still recognizable This 
type of change w^as observed chiefl 3 ^ m the latei stages — from the 
fourteenth to the sixtieth postopeiative da 3 ^ 

The liver w^eight-bod 3 ^ weight latios vaned fiom 2 23 pei cent to 
3 96 per cent, the aveiage for the tweh'^e dogs being 3 092 per cent In 
five cases it w^as less than the average lepoited by Junkersdoi f (3 
per cent) and Simonds and Biandes (3 03 pei cent) for noimal dogs, 
wdiile in seven cases it w^as greatei than the normal average The 
aveiage ratio in group 1 was 2 82 per cent with 60 per cent below nor- 
mal , 111 gi oup 2 the average ratio w as 3 24 per cent with 66 pei cent 
aboA^e noimal No lelationship existed betiveen the length of time the 
veins w^ere constricted and the latio of the livei weight to the bod 3 ^ 
weight The highest ratio, 3 96 per cent, ivas in a dog put to death 
fourteen da 3 '^s after operation The ratios in two dogs ivhich survived 
sixt 3 ’- days were 3 22 per cent and 3 78 per cent, i e , aboi'-e normal 
Simonds and Callaw^a 3 ’^ ° found that in dogs killed from a feiv hours 

11 Junkersdorf, P Arch f d ges Phvsiol 200 443, 1932 

12 Simonds, J P , and Brandes, W W Arch Path 9 445, 1930 
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to seven days after opeiation the liver weight-body weight ratios ranged 
from 3 57 per cent to 3 96 pei cent with an average of 3 77 pei cent 
Accumulations of cells similar to those desciibed by Simonds and 
Callaway = were noted in the sinusoids in all cases Some of these cells 
contained an iron-bearing pigment Occasionally a few liver cells 
adjacent to oi within the larger accumulations were necrotic and thus 
these aieas had the characteristics of the focal necrosis of typhoid fever 
described by Malloiy At sixty days these cell masses in the sinusoids 
were rarely seen, probably because, their mission of phagocytosis having 
been fulfilled, they disintegrated 



Fig 1 — Hydropic degeneration or intracellular edema in dog 9 on the sixtieth 
postoperative day, X 145 Note the appearance of a fine mosaic, the distinctness 
of the cell outlines and the blurring of the normal histologic architecture 


A dilatation of the lymphatics around the sublobular, and sometimes 
about the portal, veins was noted in all twelve dogs , it was less promi- 
nent after the twentieth postopeiative day This phenomenon was also 
desciibed by Simonds and Callaway® In many instances the dilated 
h mphatics contained a pinkish-stammg hyaline material Similar homo- 
geneous hyaline mateiial was also present in the lumens of a varynng 
numbei of cential sublobular and portal veins 


13 Mallorj, F B J Exper Med 3 611, 1898 
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From the seventh to the twentieth clay following operation accumu- 
lations of mononuclear cells weie piesent aiound the central veins The 
nuclei of most of these cells weie laige, lound, oval or indented and 
stained well with hematoxylin Among these large mononuclear cells 
were occasional lymphoc 3 'tes and polymorphonucleai leukocytes From 
about the twentieth postopei ative day onward definite fibrous thickening 
of the walls of the central veins was evident This became more marked 
as the postoperative peiiod lengthened (fig 2 A and B) The connec- 
tive tissue cells were fiequently aiianged radially about the stenosed 
central veins (fig 2 A) This was the only evidence of fibiosis in the 
livers of any of these dogs except for a slight increase of peiiportal con- 
nective tissue with model ate lymphocytic infiltration in dog 14 (group 
1), killed on the fifty-second postoperative day We ha\e frequently 
obseived an equal amount of peiiportal fibrosis m other dogs used in 
acute experiments 

Changes in Othei Oigans — The pathologic changes in other organs 
of these twelve dogs weie relativel}'^ insignificant Hyperemia of the 
spleen was present only in dog 3, m which the hepatic veins were con- 
stricted foi only ten minutes and which was killed on the twentieth 
day after operation In the othei eleven dogs the spleen contained little 
blood, the pulp Avas moderately fibiotic, and hemosiderosis, not uncom- 
mon ill old dogs, vai led in amount The pancreas was essentially normal 
m each animal m this series The adienals weie normal except in 
dog 10, in which they were unifoimljf enlarged The thyioid of this 
animal contained an adenoma, and its paiathyroids iveie moderately 
enlarged, compact and free from intercellular fat 

The condition of the kidneys in these animals is impoitant in view 
of the observations of Helwig and his co-woikeis who found seiious 
renal changes in patients who had suftered severe, usually traumatic 
damage to the Inrei In oui dogs the glomeiuh showed no noteworthy 
changes, although they vaiied in the amount of blood in the capillaries 
and the completeness Avith Avhich they filled the capsulai spaces In a 
fcAv dogs the epithelium of the proximal convoluted tubules AAas mod- 
el ately SAvollen and granular, and the lumens contained A'^aiying amounts 
of granular mateiial In no case Aveie casts piesent 

COMMENT 

Fiom these experiments it is CAudent that the dog’s Inei can AAuth- 
stand complete or almost complete stagnation of its circulation foi 
periods of from thirty to fifty minutes, Avith relatiA'^ely slight structuial 
changes and functional disturbances Using a method Aeiy diffeient 


14 Helwig, r C and Orr T S Arch Surg 24 136, 1932 




Fig 2 — A, fibrosis about a central vein and radial arrangement of the connec- 
tne tissue cells in dog 9, X 225 B, fibrosis about a central vein in dog 13 on 
the sixtieth postoperatne day, X 225 Note the presence of channels in the 
fibrous tissue apparently for the passage of blood from the sinusoids to the rein 
■i and B also show Indropic degeneration or edema of the hepatic cells 
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from ouis, Chandlei ariiveci at the same conclusion This is in 
strong contiast to the effects of temporary stoppage of the cii dilation 
111 othei organs Thus Gildea and Cobb found that ligation of the 
aiteries of the brains of cats foi ten minutes lesulted in complete cessa- 
tion of function of the ganglion cells with histologically demonstrable 
degeneiation of these cells Chandlei reported that depiivation of 
oxygen for two hours causes almost complete necrosis of the epithelium 
of the renal cortex McEiiery, Meyer and Ivy found that clamping 
of the lenal vessels for from thiity to sixty minutes caused degenerative 
changes in the kidneys which often progiessed to “the formation of a 
small Avhite kidney” in dogs that survived foi from ten days to seven 
months The lesults vaiied with the extent of the collateial circulation 

This diffeience m lesistance to anoxemia between the livei and othei 
organs cannot be due to lack of specialization of the hepatic cells, for 
the hvei possesses a gieatei number and variety of functions than any 
othei organ of the body Seveial factors may combine to pioduce this 
lelative immunity of the hvei to anoxemia In the fiist place the hepatic 
cells aie accustomed to a blood supply with a low oxygen content 
Burton-Opitz has calculated that the total blood flow thiough the liver 
of the dog is 84 cc pei minute for 100 Cm of hvei Of this, the portal 
vein furnishes 59 cc and the hepatic artery 25 cc Of the total blood 
supply of the hvei, appi oximately 70 pei cent is venous and 30 per 
cent aiterial Noimally, arteiial blood contains 18 5 cc of oxygen i^ei 
bundled cubic centimeters and is 95 pei cent satin ated, lenous blood 
has 15 cc of oxygen and is about 70 pei cent satin ated (Wiight^®) 
The mixed blood m the hepatic sinusoids theiefoie contains only 16 cc 
of oxygen per hundred cubic centimeteis and is onl)'^ 78 pei cent satin - 
ated It IS, thus, much moie like A'^enous than arterial blood Cells 
Avhich aie accustomed to such a blood suj^ply might Avell be expected 
to Avithstand stagnation of the cii dilation thiough the organ for a con- 
siderable time 

The liA'^ei noimally uses lelatnely little oxygen Winteistein has 
piesented eindence that the In^er of the cat uses 1 1 cc of ox 3 '^gen pei 
hundred gi ams pei minute The kidney uses neai ly 2 5 times, and 

15 Chandler, L R Proc Soc Exper Biol S. Med 18 24, 1920 

16 Gddea, E F, and Cobb, S Arch Neurol &, Psjchiat 23 876, 1930 

17 A'lcEnerj, E T , MeAcr, J, and Ia'j', AC J Lab & Chn Med 12 349 
1927 

18 Burton-Opitz, R Quart J Phvsiol 4 113, 1911 

19 Wright, Sampson Applied Phj'siolog}’-, New York, Oxford Unn^ersitv 
Press, 1926, p 267 

20 Winterstein, H , in Bethe, A , A'on Bergmann, G , Embden, G , and Ellinger, 
A Handbuch der normalen und pathologischen Ph}"siologie, Berlin, Julius 
Springer, 1929, vol 9, p 541 , cited by Weil, A Textbook of Neuropathology 
Philadelphia, Lea & Febiger, 1933, p 76 
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the biain about 9 times, that amount Although the hvei requires and 
uses little oxygen, it does not possess the powei of anaeiobic lespua- 
tion with glycolysis and formation of lactic acid, as shown by Warbuig 
Fuitheimore, during mechanical obstiuction of the hepatic veins the 
outflow fiom the thoracic duct is inci eased 2 5 times (Simonds and 
Brandes") Theie is reason to believe that much of this inciease is 
due to augmented filtration ot fluid in the hvei This mci eased flow 
of lymph will mechanically remove some of the waste pioducts that 
cannot be earned away by the blood while the outflow from the liver 
is obstiucted 

Ceitam of the noimal functions of the hvei, such as detoxication, 
deamination, formation of uiea and glycogenic activity, may be factois 
in protection of the hepatic cells against the effects of anoxemia 

Mechanical constnction of the hepatic veins for from thiity to fifty 
minutes pioduces three lesults that might well do peimanent damage 
to any other organ, namely maximal distention of the sinusoids and 
veins, anoxemia and letention of the waste pioducts of cell activity 
dm mg the period of constriction Six of our dogs showed evidence 
of temporary distuibance of hepatic function In one animal theie was 
retention of from 50 to 60 per cent of biomsulphalein at fifteen minutes, 
twenty-foui hours after operation In five, theie was an inciease of 
blood lipase lasting from two to thirteen da}s One dog was killed on 
the fouiteenth postoperative day because of uncontiollable geneiahzed 
convulsions which, because they could not be explained on any othei 
basis, weie thought to be i elated in some way to hepatic insufficiency 
Two types of progiessive, or at least continued degeneiative pioc- 
esses w'eie observed In one group the hepatic cells W'^eie swollen and 
gianulai as m ordinal y parenchymatous degeneration This change w'as 
still quite definite in twm dogs killed thirty-five and fifty-two days, 
1 espectively, aftei operation In the second group the liver cells w^eie 
enoimously swmllen, and their cytoplasm was clear and foamy in appear- 
ance This change was marked in thiee dogs, one of which w’^as killed 
thirty-seven, the other two, sixty days, after operation The hepatic cells 
w^eie so swollen that the sinusoids weie completely collapsed and, from 
the sections, the hvei appeared to be almost bloodless Ravdin illus- 
tiates, without comment, such a change in the hvei of a dog m which 
the common duct had been ligated 

The conditions obseived by us in these dogs difteied m several sig- 
nificant lespects fiom those described by Simonds and Callaway from 
tw^enty-four to seventy-twm hours and seren days aftei mechanical con- 

21 Warburg, Otto, Posener, K, and Negelein, E Biochem Ztschr 152 309, 
192-1 

22 Simonds, J P , and Brandes, W W J Immunol 13 11, 1927 

23 Ravdin, IS I A M A 93 1193, 1928 
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stnction of the hepatic veins In the earhei stages many lobules were 
flooded with blood, especially in their central portions This stasis later 
disappeaied almost completel}'' and only an occasional lobule was found 
filled with blood The mtiasinusoidal cell masses so numerous m the 
first Aveek also disappeared, for the}'' Avere laie m the Infers ot those 
dogs which survived for peiiods of from fifty-tAvo to sixty days The 
aA'erage ratio of liA'er Aveight to body Aveight, although still aboA'e normal 
in group 2, Avas loAver than that m Simonds and CallaAvay’s series of 
animals The hyaline thiombi m the cential and sublobular A'eins also 
vanished Avith time SAvelhng and granulation of the hepatic cells con- 
tinued occasionally at least to the fifty-second postopei atiA'e day But 
after the tAventy-fifth day hydiopic degeneiation oi edema of the hepatic 
cells AA'as more common We are unable to offer a satisfactory explana- 
tion foi the continuance of this change 

In spite of these piogiessiA'e oi continued degeneiatne changes there 
AA'as nothing resembling cirrhosis of the liA'er The only increase m con- 
nective tissue occuiied about the central A'eins Avhere the mechanical 
effects of distention AAeie most seA'ere during constriction of the hepatic 
veins This diffeis from the cential fibrosis frequently observed in 
cases of chronic passive hypeiemia of the hvei We have been unable 
to find this condition described in the hteiature The process appears 
to begin betAveen the fourteenth and tAventieth days Avith an accumula- 
tion of large cells containing OA'al or indented nuclei immediately around 
the central veins Latei the central A'em is found to be surrounded by 
a thick ring of connective tissue cells Avhich are sometimes aiianged 
radially as in figure 2 A and sometimes moi e or less concentrically 
The radial arrangement appeals to cause stenosis of the A'em When 
the connectiA'e tissue occurs in iriegulaily concentiic layeis, the A'em is 
patent and spaces appaiently foi the passage of blood are piesent in 
the fibrous Avail, as shoAvn m figure 2 B 

SUMMARY 

The liveis of tAveh'e dogs m Avhich the hepatic veins had been 
mechanically constricted foi peiiods of fiom ten to fifty minutes pre- 
sented the folloAvmg changes AA'hen examined fiom seA'en to sixty days 
after operation 

(fl) SAvelling and granulation of the hepatic cells as in paienchym- 
atous degeneiation Avere more fiequently obserA'ed in the earlier stages 
but Avere still present in tAvo dogs on the thirty-fifth and fifty-second 
postoperative days, i espectiA'ely 

(Zi) Extreme sAvelling of the hepatic cells from either hydiopic 
degeneration or inti acellular edema, AA'ith apparently complete collapse 
of the sinusoids although occasionally piesent eA'en befoie the seA'cnth 
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day, was more chaiactenstic of the latei stages and was marked m two 
dogs on the sixtieth postoperatu e day 

(c) The ratio of hvei weight to body weight was greatei in the 
second than m the first gioup 

((/) The hypeiemia. the dilatation of the lymphatics accompanying 
the sublobular veins and the intrasinusoidal cell masses, so piominent 
in the veiy early stages, giadually disappeared with lapse of time 
(e) Fibrosis of the A\alls of the cential veins was charactei istic of 
the latei stages This change does not appear to have been previously 
recorded 

In only one dog was there letention of bromsulphalein, and this was 
obseived only once, twenty-four hours after the operation 

The titei of the blood lipase was increased m five of eight dogs 
studied The titei usually returned to normal by the fifth postopei ative 
day, but in one animal it was still above noimal on the fourteenth day 
One dog was killed quickly with ethei on the tenth postoperative 
day because of unconti ollable convulsions which could not be satis- 
factorily explained Because of the presence of numerous “fatty 
infarcts” in the hvei (also observed at the time of opeiation), it was 
thought that the convulsions were m some way related to hepatic 
insufficiency 
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ACUTE VALVULAR ENDOCARDITIS IN THE NEW-BORN 

Alfred Plaut, M D , and George Siiarnoff, M D , New York 

The puipose of this papei is to lecoicl the microscopic pictuie of an 
active valvulai endocaiditis in the new-born No attempt is made to 
explain its oiigin Aftei leviewing the hteiatme on the subject, we 
have come to the conclusion that active fetal endocaiditis must indeed 
be a rarity 

REVIEW or THE LITERATURE 

Ribbert 1 was unable to find that a fresh lesion of the ulcerative or verrucous 
valvular type had ever been seen in the fetus or in the new-born infant He men- 
tioned the cases of Fischer - and Kockel,^ and pointed out that the changes noted 
by them were old, consisting of thickening or shrinkage of the valves with no 
direct eiidence of an inflammatory process Ribbert’s contention w'as that these 
changes might well be the result of an inflammatory lesion wduch had run its 
course, or that they might be congenital malformations of the valve, he believed 
that the latter was the more likely Several further cases which are recorded 
111 the literature fall into the same categorj’-, especially those reported by Loeser,"* 
Ludwig,® Dissmann ® and Saw'alischin In all these cases, no definite claim w'as 
made that fetal endocarditis was the cause of the changes observed However, 
the possibility was suggested in each case 

Ayrolles,® Boinet ^ and Ganeff,!® in their case reports, gave fetal endocarditis 
as the etiologic factor m the changes seen Ayrolles reported the case of a boy, 
born at term, weighing 2,790 Gm , who lived for four days, became suddenly 
extremely cyanotic, and died The mother gave a history of chronic osteomyelitis 
of the left femur, which began to discharge actively again in the third month of 
pregnancj^ Autopsy of the infant re\ealed a complete obliteration of the mitral 

From the Department of Pathology, Beth Israel Hospital 

1 Ribbert, H , in Henke, F , and Lubarsch, O Handbuch der speziellen 
pathologischen Anatomic und Histologie, Berlin, Julius Springer, 1924, vol 2, 

p 206 

2 Fischer, B Frankfurt Ztschr f Path 7 83, 1911 

3 Kockel, R Verhandl d Gesellsch deutsch f Naturf u Aerzte 80 39, 

1908 

4 Loeser, A Virchows Arch f path Anat 219 309, 1915 

5 Ludwug, E Cor -B1 f schweiz Aerzte 42 921, 1912 

6 Dissmann, E Frankfurt Ztschr f Path 43 476, 1932 

7 Sawahschin, K Ueber angeborene Stenose des Aorten- und Mitralostiums 
infolge fotaler Endocarditis, Bonn, Emil Eisele, 1908 

8 Ayrolles, P Rev mens d mal de I’enf 3 222, 1885 
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10 Ganeff, cited b> Loeser 
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ostium and a partly obliterated ductus Botalli The mitral leaflets presented a 
light red discoloration, while flne adhesions, which were easily detached, were 
found between the chordae tendmeae No microscopic description accompanies the 
report 

The case of Boinet ® was as follows A 23 year old woman, pregnant, was 
brought to the hospital because of cardiac disease , she was extremely dyspneic, had 
marked edema of the lower extremities and claimed to have had heart disease for 
the preceding three years following pneumonia There were mitral insufficiency 
and pneumonia The patient miscarried and was delivered of a dead fetus at 
approximately six months , the mother died, and autopsies were made on both 
Pneumonia of the right lower lobe was found in the mother The mitral valve 
of the mother showed marked fibrosis with stenosis of the ostium There were 
several fibrotic nodules on the leaflets The organs of the fetus were normal 
except for the heart, which showed a condition analogous to that found in the 
mother The mitral valve showed a moderate degree of insufficiency, while several 
fibrous nodules, the size of millet seeds, were present on the leaflets Again no 
microscopic description accompanies the report 

In the case reported by Ganeff,’^® there were “thickening and shrinking of the 
aorta and a mitral insufficiency”^^ The endocardium was thought to have some 
localized areas of fresh inflammation On microscopic examination, the endocar- 
dium consisted of dense fibers with few nuclei The nuclei were seen to increase 
m number toward the musculature There was a marked increase in connective 
tissue This w'as considered true verrucous endocarditis and fibrous myocarditis 
although no distinct evidence of an acute inflammatory process was present 

Conclusive evidence of an existing or a former acute endocarditis seems lacking 
in each of the last three cases We are inclined to place them in the same category 
as those already mentioned 

Capelh more recently reported his observations in the study of sixty-two 
hearts of human fetuses He did not encounter acute endocarditis m any case 
The slight changes noted by him were either proliferative or degenerative How- 
ever, he found thrombi on some of the leaflets These thrombi were extremely 
small, consisting of fibrin with a few nuclear elements Capelh believed that the 
thrombotic deposits were caused by the changes already present in the leaflets of 
the valves, or by some toxemia rather than by bacteremia Similar explanations 
have been given in the past by Vierordfii^s Rauchfuss,^* Dilg’^^ and others They 
believed that valves with congenital malformations are points of predilection for 
thrombo-endocarditic lesions 

Abbott stated that “fetal endocarditis, which was believed by the earlier 
authors to play such an important part in the causation of cardiac anomalies, prob- 
ably occupies a very minor role, being limited to those relatively few cases in 
which a rheumatic endocarditis is directly transmitted from mother to offspring” 
Abbott, however, does not mention any cases observed 

11 Shrinking of the aortic valve is probably meant 

12 Capelh, E Pathologica 24 103, 1932 , Sperimentale, Arch di biol 87 129 
1933 

13 Vierordt, H , in Nothnagel, H Spezielle Pathologic und Therapie, Vienna 

A Holder, 1898, vol 15, p 225 ’ 

14 Rauchfuss, C , in Gerhardt, C Handbuch der Kinderkrankheiten, Tubmo^en 

H Laupp, 1878, vol 4, p 132 “ ’ 

15 Dilg, J Virchows Arch f path Anat 91 193, 1883 

16 Abbott, Maud E , in Osier, W Modern Medicine Its Theory and Prac- 
tice, edited by Tbomas McCrae, Philadelphia, Lea & Febiger, 1927, vol 4, p 627 
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We were able to find record in the literature of just one such example which 
was proved by autopsy The case was reported by Pojnton’" His description 
reads “The child of a mother, the victim of an attack of rheumatic fever in late 
pregnancy, died on the second daj-^ after birth of congenital heart disease I found 
exuberant cegetations on the mitral valve forming a relative stenosis, and these 
vegetations contained numerous diplo-streptococci indistinguishable from the strep- 
tococcus rheumaticus, a condition of the mitral \alve which pointed to an intra- 
uterine inflammation rather than a true arrest m decelopment ” No histologic 
description was gnen bj' Pojnton 

REPORT or A CASE 

Our case is also one of a fresh verrucous endocarditis on an otherwise normal 
mitral valve The lesion was found m a fetus from 6^/2 to 7 months old, that 
died one and one-half hours after birth The mother gave a historv’^ of two pre- 
vious pregnancies which ended in miscarriages, one of from five to six weeks, and 
the other of five and one-half months , both miscari lages were spontaneous The 
medical historj'^ of the mother w'as essentialh' unimportant The onlj’- mention of 
an illness elicited vv'as that of a so-called mild influenza, which occurred from three 
to four weeks prior to delivery A Wassermann test of the blood was negative 
There vv^ere moderate tachj'cardia, tremor and enlargement of the thyroid gland 
The delivery was normal At birth the baby weighed 2 pounds and 9 ounces 
(1,162 3 Gm ) , It was cyanotic and gasping, and died within one and one-half 
hours 

Autopsj rev^ealed a normally developed female fetus, 38 5 cm in length The 
organs were all grossly normal A small pinhead-sized, so-called valvular hema- 
toma (blood nodule or sinus) was noted on the mitral v^alv'e Because of a special 
interest in blood nodules, we sectioned the portion of the leaflet containing the 
nodule, m series Approximately fifty sections were available for microscopic 
studj'^, all stained with hematoxylin and eosin The remainder of the heart was 
discarded No special search was made for endocarditic vegetations on gross 
examination 

The microscopic study of these sections led to the accidental discover} of a 
fresh thrombus attached to the leaflet at a point definitelv separated from the hema- 
toma The intervening space was approximately 0 2 mm wide and showed no 
pathologic changes , the lining endothelium was intact and the connective tissue 
of the leaflet in this area showed no alterations The vegetation could be studied 
only in the first few sections of the series It measured 1 by 0 75 mm on the 
slide, but we are unable to tell how large it may have been m its nonexamined 
portion Unfortunately, no further material was available The vegetation con- 
sisted of a fine fibrinous netwmrk which was diffusely permeated by polymorpho- 
nuclear leukocytes and different cells with medium-sized simple nuclei Some of 
these nuclei stained v'erv deeply In addition to the diffusely distiibuted ones, 
there were a few densely packed groups of these cells, the densest group being 
situated near the point of attachment of the vegetation The endothelial lining 
of the leaflet was missing at the point of attachment of the vegetation The nuclei 
of the valvular tissue beneath the vegetation were swollen, the tissue was homo- 
geneous and stained intensely with eosm There was no evidence of cellular 
infiltration or of vascularization of the leaflet in this area No bacteria could be 
found (Only sections stained with hematoxvlm and eosm were av^ailable ) The 
myocardium was normal 

17 Poynton F J Clin J 34 231, 1909 
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Microscopic examination of the suprarenal glands, lungs, liver and spleen 
showed nothing unusual The hematopoiesis in the liver corresponded to the age 
of the fetus Some deep red spherical areas were noted m the brain They were 
formed by accumulations of undifferentiated germinal cells and did not represent 
an inflammatory process The pancreas was histologically normally developed 



The vegetation consists of fibrin, leukocytes and mononuclear elements The 
valvular tissue itself for the most part is normal At the attachment of the vege- 
tation, the connective tissue of the valve is homogeneous, and the nuclei are swollen 
and deep staining At the lower edge of the picture, endothelial nuclei are seen 
protruding from the otherwise normal \alve 


for the age of the fetus However, it contained sev'eral large groups of round cells 
The largest group of such cells included areas of pancreatic parenchyma and ducts 
The other areas of hmphoid cells were well demarcated, Ivmg in the interstitial 
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tissue, free from the pancreatic parenchyma, and seemed to be lymph follicles rather 
than an inflammatory tissue They did not contain germinal centers 

COMMENT 

In the piesence of an acute inflammatory process on the heart valve 
of a new-born infant we must attempt to correlate these findings with 
othei findings in the mothei or the baby The only illness of the mother 
during pregnancy, as mentioned, was a so-called mild influenza There 
was no history of rheumatic fever While, theoretically, one cannot 
exclude the possibility of a i elation between the influenzal attack of 
the mother and the endocarditis of the fetus, there is no evidence to 
prove such a relation, or even to make it appear probable 

While we weie seaichmg for other inflammatoiy lesions m the 
oigans of the new-born baby, our attention was caught by the bloody 
nodules m the brain and the groups of lound cells m the pancreas The 
cerebral lesion was definitely what older authors called Virchow’s 
encephalitis Pathologists are practicall}'^ agieed today that these accu- 
mulations of cells aie not inflammatory 

The accumulations of round cells m the pancreas might, at first, have 
been taken foi an mflammator}^ piocess Howevei, Nakamura,^® who 
made a thorough stud} of the noimal panel eas m ninety new-born and 
oldei infants, lepoited that the condition desciibed occuried m 11 per 
cent of the cases He maintained that it is not an inflammatoiy process 
but lathei is linked to the condition known as status lymphaticus 
Any relation between the blood nodule (valvulai hematoma) and 
the eiidocarditic lesion is highly impiobable Fust, the two lesions in 
our specimen were separated from each othei by noimal tissue Further- 
more, there have been numbeis of careful investigations, with serial 
sectioning of A'^alvular hematomas None of these has been the seat 
of an inflammatory lesion (Wegelin^®) 

We are theiefoie unable to explain the genesis of this endocarditic 
lesion We do not know how often such micioscopic lesions may be 
present on the noimal-appearmg vah^es of the new-boin The study of 
Capelli seems to indicate that they are not frequent 

SUMMARY 

A case of acute initial endocarditis in a piemature new-born infant 
is reported Its origin cannot be explained No othei inflammatoiy 
process was found in the organs of the infant Acute endocaiditis in 
the new-born seems to be extremely rare 

18 Nakamura, N Virchows Arch f path Anat 253 286, 1924 

19 Wegehn, C Frankfurt Ztschr f Path 9 97, 1911 



CARCINOID OF MECKEL’S DIVERTICULUM 
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A carcinoid in Meckel’s diverticulum is one of the raiest pathologic 
curiosities In the literature we were able to find reports of only 2 
cases Hicks and Kadmsky ^ reported the fiist case in 1922, and Stewart 
and Taylor - leported the second case in 1926 After examination of 
the specimens, Stewart and Taylor expressed the opinion that there was 
a strong possibility that the lesion in the first case lepresented a hetero- 
topia of gastric mucosa rather than a carcinoid In the liteiature, besides 
the leports of the 2 carcinoids, we found lecoids of only 8 sai comas 
and 1 carcinoma of Meckel’s diverticulum 

We wish to repoit 2 cases of carcinoid of Meckel’s diverticulum 
which weie found in a review of 6,138 cases that came to necropsy at 
the Mayo Clinic in the years 1923 and 1933 inclusive 

REPORT OF CASES 

Case 1 — The patient was a man aged 54 A small irregularly shaped mass, 
4 mm in diameter, was situated m the submucosa of Meckel’s diverticulum (fig A) 
The overlying epithelium was similar to that of the ileum The muscularis mucosae 
was fragmented The tumor consisted of clusters of deeply staining spheroidal 
cells, separated by a dense connective tissue stroma Higher magnification showed 
that the majority of nests consisted of densely packed hyperchromatic cells, each 
with a large rounded nucleus, which contained one or more nucleoli The cellular 
outline was indistinct The cytoplasm was granular and stained lightly with eosin 
No mitotic figures were seen in any portion of the growth Other nests of cells 
differed from the ones just described by the fact that occasional acinic formation 
was imitated 

Case 2 — The patient was a man aged 58 A small tumor, 3 mm in diameter, 
was situated at the tip of Meckel’s diverticulum (fig , B) The tumor was similar 
to that in case 1 in all respects, except that the cells had a tendency to assume 
more of a rough glandhke formation 

Work done in the Section on Pathologic Anatomy, the Mayo Clinic 

1 Hicks, JAB, and Kadinskj', S Lancet 2 70, 1922 

2 Stewart, M J , and Taylor, A L J Path 8. Bact 29 135, 1926 
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A, a carcinoid in the submucosa of Meckel s diverticulum , X 32 B, z car- 
cinoid m the tip of Meckel’s diverticulum, X 25 
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COMMHNT 

That these tumois were caiciiioicis is established by the typical histo- 
logic picture that has been described The diagnosis was furthei con- 
firmed by demonstrating the affinity of the cells of both tumois foi 
silver salts 

The caicinoids were fiist desciibed and sepaiated from the cai- 
cinomas by Oberndorfer ® in 1907 Huebschmann/ m 1910, suggested 
a relationship between the carcinoids and a type of gianulai epithelial 
cell of the intestine which had been described pieviously by Heiden- 
haiii,® Nicolas,® Kultschitsky ' and Schmidt® Obeindorfei,® in 1909, 
and Gosset and Masson,^® in 1914, pioved this lelationship by deinon- 
stiating the similarity in staining with chiome and silvei salts Gosset 
and Masson gave the cell the name aigentaffin cell because of this 
affinity for silvei Whethei the argentaffin cell repiesents an entodeiinal 
cell which arises in the intestinal epithelium or an ectodeimal cell which 
has migrated to the intestinal epithelium fiom the chioinaffin tissues 
of the body is still an unsettled question The aigentaffin cells are found 
singly or m pans among the columnar epithelial cells of the entiie gastro- 
intestinal tract They aie more numerous m the distal pait of the ileum 
and in the appendix Meckel’s diveiticulum is found m fiom 2 to 3 
per cent of all cases which come to necropsy and is usually found about 
90 cm proximal to the ileocecal sphincter Although heteiotopic tissue 
which simulates different portions of the gastro-mtestinal tiact occuis 
in Meckel’s diverticulum, the diverticulum m the majoiity of instances 
is lined with epithelium which is chaiactenstic of the ileum Hence the 
occasional occuiience of a caicmoid is to be expected 

SUMMARY 

The photomici ographs and histologic chaiacteiistics of 2 cases of 
caicmoid of Meckel’s diveiticulum are presented 

3 Oberndorfer, Siegfried Frankfurt Ztschr f Path 1 426, 1907 

4 Huebsclimann, P Pev med de la Suisse Rom 30 317, 1910 

5 Heidenhain, R Arch f mikr Anat 6 368, 1870 

6 Nicolas, A Internat Monatschr f Anat u Physiol 8 1, 1891 

7 Kultschitskv, N Arch f mikr Anat 49 7, 1897 

8 Schmidt, J E Arch f mikr Anat 36 12, 1905 

9 Oberndorfer, Siegfried Ergebn d allg Path u path Anat 13 586, 1909 

10 Gosset, A , and Masson, P Presse med 22 237, 1914 



PRIMARY GASTRIC LEIOMYOSARCOMA 

REPORT OF TWO CASES 
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Ewing ^ estimated that about 1 per cent of all gastric tumois are 
sarcoma Edw’'ards and W right - expi essed the belief that there are 
probably moie cases of saicoma of the stomach than the hteiatuie 
indicates, in an extensive leview they w^eie able to find leports of only 
thirty-eight cases of myosarcoma of the stomach It is my puipose to 
put two cases on lecoid and discuss them briefly 

REPORTS OF CASES 

Case 1 — A white married man, aged 39, first admitted to the hospital on Dec 
2, 1932, complained of pain in the epigastrium and weakness Three jears before 
he had diarrhea for about seven months, alternating with constipation and accom- 
panied bj’’ gnawing epigastric pains from one to two hours after meals, which was 
relieved by food and alkalis A week before admission the patient was seized 
with severe pain m the epigastrium which tended to radiate to the left hypochon- 
drium and umbilical region He felt marked weakness and dizziness but did not 
vomit Examination disclosed only a marked epigastric tenderness where a hard 
mass was felt There were marked secondary anemia, blood in the stool and 
normal gastric juice except for the presence of blood Several transfusions were 
given, and the patient Avas discharged improved, with the diagnosis of gastric hem- 
orrhage secondary to gastric ulcer or carcinoma Two weeks later the patient Avas 
readmitted, complaining of dizzy spells, AA'^eakness and tarry stools A smooth 
globular filling defect was found near the cardiac end of the stomach extending 
up from the greater curA'^ature The area of the defect did not shoAV the normal 
rugae There AA^as one area about 1 cm in diameter Avhich continually remained 
filled Avith barium as though it were an ulcer After the loops of the small intes- 
tine became filled Avith barium, a large “vacuole” about 8 or 9 cm in diameter Avas 
found just beloAv the greater curvature in close relationship to the gastric defor- 
mity Exploratory laparotomy Avas made BetAveen the greater curvature of the 
stomach and the transverse colon and between the tAVo layers of the omentum Avas 
a bluish mass, tAvice the size of the adult fist apparently a hemangioma The 
tumor was adherent to the greater curvature bj an isthmus continuous AVith an 
intragastric mass half the size of the extragastric tumor No metastases were seen. 

From the Department of Pathology, Isaac Kaufmann Foundation, klontefiore 
Hosptal 

1 EAving, J Neoplastic Diseases, ed 3, Philadelphia, W B Saunders Com- 
panj, 1928 

2 EdAvards, C R, and Wright, R B Am J Surg 19 442, 1933 
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and a partial gastrectomy was performed The patient was discharged three weeks 
later after an uneventful recoverj, with the hemoglobin 64 per cent and the red 
blood cell count 3,780,000 

The specimen consisted of a partially resected stomach with an attached tumor 
The tumor was divided into mtragastric and extragastnc parts separated by a 
short pedicle The mtragastric mass was oval, measured 5 by 4 by 3 cm , 
was covered with normal gastric mucosa except one ulcerated area measuring 
10 mm in diameter and 5 mm m depth, had a sharp margin, and was free from 
fibrosis or induration , the base was necrotic The extragastric part, almost spher- 
ical, measured 12 cm in diameter, was bluish purple, soft and fluctuating, and was 
covered with peritoneum When sectioned, the mtragastric mass was well outlined 
and separated from the gastric mucosa, it was pinkish gray, soft and friable Ihe 
extragastric part collapsed after incision and consisted of multiple cxstic cavities 
filled with hemorrhagic fluid and loose fragments of broken-down tissue 


I 




Fig 1 — The resected part of the stomach in case 1, showing the mtragastric 
and extragastric masses and the ulcerated area m the mucous membrane 

Microscopicallj , the main bulk of the tumor was composed of interlacing bun- 
dles of smooth muscle cells, uniform in size and shape, with areas of whorl forma- 
tion Other parts revealed large granular cells, mostly undifferentiated short 
spindle-shaped, oval or round cells, the nuclei were massive and iich in chromatin 
There were also single and multinucleated giant cells and a few mitotic figures 
The stroma was poor in connective tissue , the blood vessels were ill-defined sinus- 
oids , no definite layers of the vascular walls could be identified The extragastric 
part showed cjstic degeneration, the tumor cells were swollen and stained poorly 
The gastric mucosa w^as normal, and there w^as no evidence of infiltration with 
tumor cells The diagnosis was leiomyosarcoma of the stomach (mtramuial and 
subserous, undergoing degeneration) 

Case 2— An adult white woman, aged 32, was admitted to the hospital on Dec 
4 1934, complaining of fainting after having vomited a large amount of blood On 
that dai the patient aw'oke with a gnawing sensation m the epigastrium, which 
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persisted until the early evening and was accompanied bj numerous diarrheic move- 
ments, with the feces abnormall}' dark m color Shortlj after dinner, she felt 
extremely dizzy and nauseated, began to vomit blood and fainted The hematenie- 
sis was repeated twice before she could be brought to the hospital For the past 
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and obesity No abdominal rigidity, tenderness or masses were apparent The 
impression was that of gastric ulcer with hemorrhage and chronic cholecystitis 
and cholelithiasis 

The patient responded quickly to the usual treatment for shock On the next 
da> she received a transfusion of 500 cc of citrated blood, and during the next 
week there was steady improvement on a modified Sippy diet with appropriate 
alkalis At this time a large filling defect on the lesser curvature of the stomach 
close to the junction of the pars media and the pars cardia was reported This was 



Fig 3 (case 2) — A, the tumor with ulcerations in the mucous membrane B , 
at\pical cells without definite arrangement, X 100 

considered to be a large polypoid tumor of the stomach A second transfusion was 
given, and an exploratory laparotomj was made A tumor about the size of a 
golf ball situated on the anterior surface of the stomach midway between the 
greater and lesser curvatures was excised The tumor did not appear to be malig- 
nant grossh The patient was discharged two weeks later after an uneventful 
recovery 

The specimen was an oval tumor measuring 5 bj 3 bv 2 cm , most of the surface 
was covered with gastric mucosa, and a small area with peritoneum There were 
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three ulcers through the mucosa, the largest being 5 mm m diameter and 4 mm 
in depth At the base of one of the ulcers there was a vessel with an eroded wall 
The rugae were well preserved and apparently free from infiltration The tumor 
was encapsulated , the mam part was mtragastric, and the smaller part protruded 
under the peritoneal covering The cross-section revealed a pinkish-gray, fleshy, 
homogeneous mass, soft and friable 

Microscopic sections revealed a cellular and lascular structure Most of the 
cells were smooth muscle cells, long spindle-shaped, with oval nuclei The cells 
ran m bundles m all directions Thej' were well dififerentiated and had the charac- 
teristic appearance of the cells of benign myoma Other areas showed cells that 
were poorlj^ differentiated and variable in size and shape The endoplasm was 
granular, the nuclei were large and hyperchromatic, with one or two large, deeply 
stained nucleoli There were a few giant cells and occasionallj^ mitosis The 
stroma had little connective tissue, but the capillaries and blood spaces were abun- 
dant, dilated and filled with red cells There was slight Ijmphocytic infiltration 
throughout the stroma The gastric mucosa was normal and separated from the 
tumor by normal muscularis mucosae The diagnosis was lelom^oma of the 
stomach (with sarcomatous changes) 

COMMENT 

The most common locations of gastiic lei om3msai coma aie the curva- 
tmes of the stomach, it seldom involves the pyloric poition, and obstruc- 
tion IS therefoie uncommon The cardiac portion of the stomach was 
involved in none of the leported cases The tumoi vanes in size fiom 
a minute growth a few milhmeteis in diameter to one so enormous that 
the entne abdominal cavity is filled It is usually single but occasionally 
multiple 

Anschutz and Konjetzn} ® divided saicoma of the stomach into thiee 
classes from the gioss point of view mtragastric, exti agastric and 
infiltrating It has been noted that leiomyosarcoma has a tendency to 
form mtragastiic or extragastiic masses with pedicle formation, while 
lymphosarcoma generally infiltrates through the layers of the stomach 
The cases now reported followed the general lule for the myosarcoma in 
their location This type of tumor is well encapsulated and demarcated 
from the rest of the gastric layers, gnnng the appearance of an 
innocent tumor Ulceiations through the mucosa are seen in man}^ 
cases, as in these two cases, the first having a single ulcer and the 
second multiple ulcers eioding the big vessels of the submucosa with 
subsequent massive hemorrhage Furthermore, the tumoi has a tendency 
to softening with formation of cysts Metastasis has been observed 
m a few^'v cases It is geneiall)'^ limited to the abdominal organs The 
metastasizing cells may spread by invasion of contiguous tissues, by 
implantation on the omentum and various parts of the intestines and 

3 Anschutz, W, and Konjetzn 3 % G E Die Geschwnlste der Magens, Stutt- 
gart, Ferdinand Enke, 1921 
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by carriage to the livei and distant organs Kaufmann stated that 
the exti agastric and submucosal vaiieties are of long duration and not 
of a high grade of malignancy He believed that metastases occur in 
only one third of cases m which there is no opeiation, and that the 
most frequent site is the abdominal lymph nodes The first patient, 
at the time of writing, two years and four months after operation, is 
tree from symptoms of recuirence, and roentgen examination of the 
stomach and lungs shows no signs of it In the second case only a 
few months have elapsed since the operation 

The determination of the origin of the tumoi depends on the type 
of cells foiming the main bulk At times tbis is faiily simple and 
definite, while at otheis, because of maiked anaplasia of the cells, it is 
doubtful In both cases, as the photomiciographs show, theie are areas 
that have the appearance of cellular myoma, while othei parts show 
undififei entiated cells with hyperchromatic nuclei This cellulai myo- 
matous appeal ance in many areas of the tumor has been the cause of 
controversy as to malignancy Some authois hold that such tumoi s aie 
benign and that no recun ence should be expected aftei extiipation, while 
others report cases of benign myomatous growths that have taken on 
malignant properties 

SUMMARY 

Two cases of primary leiomyosarcoma of the stomach are repoited 
There were areas resembling benign myoma and also saicomatous areas 
Since primary leiomyosarcoma of the stomach still is a lanty in com- 
parison with other neoplasms of the stomach, and as most of the cases 
on record aie repoits of observations at neciopsy, cases diagnosed before 
death should be placed on record The incidence of gastiic saicoma is 
in the ratio of from 1 100 to 1 300 of all gastiic tumors Myosarcoma 
tends to grow mtragastrically and extragastncally and to undergo cystic 
degeneration and ulcerations , therefore hematemesis oi melena is com- 
mon The consensus is that the type of tumor just leported has little 
tendency to metastasize and hence is the least malignant of the malignant 
neoplasms of the stomach 

4 Kaufmann, Edward Pathology for Students and Practitioners Philadel- 
phia, P Blakiston’s Son &, Co , 1929, \ol 1, p 692 
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PATHOLOGY OF YAWS 

ESPECIALL\ THE REL\TION OE YAWS TO SYPHILIS 

HERBERT U WILLIAMS, AID 

HUrFAl 0 

When one is endeavoring to tiace the origin of syphilis, the relation 
of S3'^phihs to yaws arises as a problem connected with, perhaps insepa- 
rable fiom, the oiiginal pioblem In both infections there are a piimaiy 
lesion and an ensuing state of geneiabzed lesions, spirochetes of similai 
form occui in the eaily lesions of the two diseases, and in both the seuini 
leactions (Wasseimann. Kahn) become positive and the lesions usually 
clear up when aisiihenamme and similai prepaiations aie used There 
aie also difteiences between syphilis and yaws My purpose in this 
paper is to discuss the lesemblances and difitei ences, particularly from 
the point of view of the stiuctuial changes Comparisons of }aws with 
syphilis have been made many times but the changes m stiuctuie have 
usually been given less attention than the othei aspects of the pioblem 
The history of yaws will not be consideied heie, it may possibly be 
taken up in a later paper 

As yaws does not occui in the United States, many pathologists ma) 
not be as familial with it as they aie with syphilis I shall theiefore 
give certain facts concerning yaws as they appear in the hteiatuie, 
attempting at the same time to note points in which yaws and syphilis 
are alike or difteient Attention will be called to lefei ences that give 
reviews of the extensne bibhogiaphy 

INCIDENCE, TRANSMISSION AND SYMPTOMS 

Yaws IS also known as fiambesia (on most of the continent of 
Europe), pian (in France and the West Indies) and bubas (m many 
Spanish American countiies) and by othei local names It occurs 
almost exclusively in the tropics or in regions closely adjacent to the 
tiopics Prominent localities foi it are Haiti and Jamaica and other 
islands of the West Indies, some paits of Cential America and of 
tropical South America (chiefly Brazil and the north coast) , various 
Polynesian and Melanesian islands, such as Fiji and Samoa and the 
Solomon Islands , Australia, New Guinea , Guam, the Philippine Islands , 
Netherlands Indies and notabty JaA'a and Sumatra, French Indo- 
China, the Federated Malay States, Ceylon, a few parts of British 
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India (chiefly Buima and Assam), Madagascai , and an immense teiii- 
tor} in tiopical Afuca Its absence among the Negioes of the southern 
parts of the United States is notewoithy (see extensive bibliogiaphy and 
history given by Wood) 

Yaws IS sometimes cuiiously uneven in its distiibution, being piesent 
in a given locality and absent fiom neighboiing localities for no appai- 
ent reason The disease is occasionally impoited into a countiy with 
a temperate climate through a seapoit, such as New Yoik, but the 
infection does not spiead among the general population Powell 
described graphically the dissemination of yaws thiough Assam fiom 
a single small focus of infection Yaws is said to occui less fiequently 
in towns than in luial districts, and that may be paitly the lesult of 
tieatment or of voluntaiy oi enfoiced segiegation of patients At 
high altitudes in the tropics the lesions of yaws are likely to appear in 
waim, moist paits of the surface of the body (Lopez-Rizal and Sel- 
laids) It usuall}'^ occurs in members of daik-skinned laces While 
cases in wdiite persons have been described, they are raie Yaws aftects 
persons of the poorer classes more often than the well-to-do 

Childien and }Oung adults are most likely to show the earl) manifes- 
tations of yaws Frequently several members of a family are affected 
at one time By musing at the breast an infant may be infected by 
the mother, or the musing infant may infect the mother Sexual trans- 
mission may occur but is rare The ordinary mode of transmission 
is evidently contact wuth fresh lesions, often at points where theie has 
been slight injury or a preexisting ulcer The scanty clothing of the 
natives of tropical coiintiies, the naked children, the bare feet and the 
little huts or cabins where many people are huddled together give plenty 
of chances for contact It is common to see the sores of a native with 
jaws crawling with ants or flies, which the sufferer seems not to notice, 
and doubtless the infection is often spread in that way In certain 
localities biting flies probably inoculate the victims Spirochetes have 
been found on or in flies and mosquitoes that have been in contact 
wuth the ulcers of yaws (Baermann, Krum, Turner and Peat) Yaws 
has been knowm to follow^ vaccination with cowpox (Powell, Wilson) 
As with syphilis, the point of primary invasion may be ovei looked or 
foigotten, or possibly there may not be any visible primaiy lesion (Sel- 
lards and his associates, 1926) If hereditary or congenital yaws occurs, 
It must be rare Most observeis have denied that it exists, though 
Butlei (1930) expressed the belief that it does occur Leon’s careful 
icsearches seem to leave the question unsettled 

'f.aw''s, like syphilis, may be divided for convenience into primary 
secondaiy and tertiary stages, but the stages do not seem to be as w^ell 
defined as those of syphilis The incubation period is said to be about 
thiee wrecks, but it may he shorter or considerabh longei In the eail) 
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stages of yaws theie may be the geneial symptoms that are noted in 
most cases of acute infection of moderate degree, such as lassitude, 
pains m the bones and joints, sometimes fairly severe, and a slight rise 
of temperatuie Often no constitutional distuibance is mentioned 
Serum reactions, such as the Wasseimann and Kahn reactions, become 
positive 

SPIROCHETES 

Shortly after Spirochaeta pallida was discoveied, Castellani observed 
a similar organism in the seium of the papillomas of patients with 
yaws The nomenclature of the group of spirochetes is still m a state 
of confusion The name Tieponema peitenue is employed for the 
oiganism of yaws by most writers of recent date and seems to ha\e 
been adopted by Castellani As will be seen farthei on, there are many 
cases 111 which it is difficult to determine whether one is dealing with 
j^aws or with syphilis, some writers using the word treponematosis to 
designate those doubtful cases 

Spirochaeta pertenuis, Spiiochaeta pallidula or T pertenue is similar 
to S pallida morphologically, being well described and illustrated by 
Ashburn and Craig A few observers have stated that differences 
in foim or staining propeities exist, but there now seems to be fairly 
geneial agieement that theie aie no constant differences The spiro- 
chete may be found m papillomas of the first and second stages with- 
out difficulty m most instances Dark-field illumination and various 
staining methods may be used as foi S pallida Cultures have been 
secured m the same manner as foi S pallida but with gieat difficulty, 
not much seems to have been done in that direction As it is doubtful 
that the spirochetes cultivated fiom patients wnth syphilis aie the ones 
that produce that disease a similai doubt must prevail for the spiro- 
chetes cultivated fiom the patients with yaw^s Hallenbeiger said that 
he secured cultures easily in horse serum and successfully inoculated 
two Negioes wnth the cultuies 

PRIMARY STAGE 

The initial lesion is known as the “mothei yaw,” maman pian and 
madi e huba and by similar names in diffeient countiies In Haiti it 
occuis on the foot or on the leg below the knee in a majoiity of cases 
(Wilson and Mathis), though it may arise on any exposed part, such 
as the lip, face, breast or hand The lesion appears as a papule which 
enlarges and becomes moist, and the dischaige and the cells may diy 
on the surface, forming a ciust The lesion may lose part of its epi- 
thelial covering and form an ulcer It is said not to be indurated (Rat 
and many others) How^ever Butlei (1935) called attention to the 
fact that s) philitic chancres often lack induration or any distinctive gross 
characteristic Extragenital chancres especiall}’’ may lack characteristic 
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hardness (Hutchinson) The ulcer may be from 1 to 2 cm m diameter 
or larger It may heal promptly may persist into the secondary stage 



Fig 1 — Probable primary lesion of yaws on the right thumb of a Negro 
woman aged about 38, of Leogane, Haiti It was stated that “the lesion appeared 
one and one-half months before, after an eruption which occurred during wash- 
ing There was no other eruption on the body ” ( Gatherings of women to 

wash clothes at a well or pond are important social functions in Haiti ) The 
Haitian physicians made a diagnosis of yaws 




Fig 2 — Cross-section of tissue removed at biopsy from the lesion shown in 
figure 1 When stained by the Levaditi method it showed a small number of 
typical spirochetes among the disorganized epithelial cells, rather deep down 
Small numbers of gram-positive cocci were found among the deep epithelial cells 
The tissue was given to me by Dr Joseph Perrier, Port au Prince 


or, according to some observers, unlike the chancre of syphilis ma} stdl 
be present in the foim of a chronic ulcer in the tertiary stage (Wilson 
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and Mathis) The diagnosis of a pinnai)^ lesion \Mthout othei mani- 
festations of yaws must be somewhat unceitam (figs 1 and 3) 

Histologic Aspect — The histologic aspect seems not to have been 
studied in as many cases as that of the secondary papilloma of yaw's 



Fig 3 — A w'oman aged about 20 who came to the Haitian General Hospital, 
Port au Prince, from a small village The iiiamaii pian, shown at the right, was 
on the inner side of the right leg, 7 cm above the malleolus and measured 4 b\ 
3 cm It was said to have been present for three months It was shghth elevated 
and reddish, with some yellow crusts, and had the appearance of a chronic granu- 
lating ulcer Some pale, flat macules were present on the upper part of each 
arm and on the chest, said to be the remains of an earlier eruption that had 
disappeared spontaneously The main lesions had rounded borders, they were 
from 1 to 2 cm or more in diameter, elevated and covered with grayish-white 
crusts The}" occurred on the thighs and trunk and especially on the face The 
reticular appearance of the dried exudate on some of the papules on the face is 
unusual, I believe (possibly due to treatment) The skin close to the papules 
was usually a little more deeply pigmented than the general surface It was said 
that in films from the primary lesion, stained by Fontana’s method, a few spiro- 
chetes were demonstrated with great difficulty, probabl} owing to the fact that 
the patient had an injection of arsphenamme five days before The woman 
complained of pain, limped and appeared languid There Avas a trifling rise of 
temperature Eighteen days later, the treatment having been continued, the erup- 
tion had entirely disappeared, leaving mostly pale areas, but sometimes an increase 
of pigment The patient appeared to be Avell The primar} lesion A\"as greath 
reduced in size Like many of the illustrations shown in textbooks and articles, 
i-he picture represents an extreme and not an ai^erage case These photographs Avere 
taken b} Mevs, Port au Prince, Haiti 
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A few obseners (Hallenberger , Stitt, 1929) have stated that piimary 
and secondary lesions have a similai structure As the chancie of 
syphilis has perhaps a inoie chaiacteristic histologic picture than any 
othei lesion of syphilis, it is unfortunate that there are so few studies 
on the primary lesions of yaws for comparison To be convincing a 
piimary lesion from a patient in whom typical secondary papules of 
yaws Avere aheacly present or developed later would be desirable, also 
a comparison with extiagenital syphilitic chancres would be important 
I have studied sections from a probable primary lesion of yaws, but no 
secondary eiuption was mentioned at the time the biopsy was made, 
and the patient was not seen again The structure (fig 2) was 'the 
same as that of the secondary papules of yaws that I have seen infil- 
tration of the epithelium with polymorphonucleai leukocytes,^ marked 
acanthosis , infiltration of the papillae and undeilymg connective tissue 
with lymphocytes, plasma cells and leukocytes , slight infiltration around 
the blood vessels, and doubtful slight multiplication of the endothelium 
of the small blood vessels The changes in and around the blood vessels 
were distinctly less marked than those m sections of genital chancres 
available to me for study Typical spirochetes were observed in sec- 
tions stained by the Levaditi method, they were not numerous and 
were in regions where the epithelium was split up by the infiltiating 
cells 

SECONDARY STAGE 

The secondaiy stage is usually regarded as presenting chiefly super- 
ficial lesions of the skin As it is not characterized by any symptoms 
indicating specific involvement of the viscera, it is assumed that the 
viscera are not involved I have not seen an account of an autopsy 
in a case of acute florid yaws An opportunity for such an autopsy 
would be offered only in a case of most unusual severity (Baermann) 
01 more jirobably in a case in which death occurred through violence 
or from some intercuirent disease Repoits on animals inoculated suc- 
cessfully with yaws on which autopsies have been made hai’^e not men- 
tioned any important changes in the viscera 

The characteristic eruption of yaws is said to begin from two to 
eight weeks, or even consideiably longer, aftei the appearance of the 
primary lesion Allowing for odd and unusual cases, which will be 
referred to later, which occur in all diseases, and for those in which 
no secondary lesions are manifested, the eruption follows a pattern that 
is often described as “monotonous” m its regularity Practically all 
obseiveis agiee that it is the one ceitain diagnostic feature of the dis- 
ease This monotonous eruption is different fioin syphilitic ei options 

1 In the remainder of this article, for the sake of brevity, I shall call poly- 
morphonuclear leukocjtcs simph leukoc\tes 
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(Fox, 1929) except those syphilids that aie called frambesiform, some 
instances of iiipial syphilis and some condylomas, which are like the 
papules of yaws seen on moist paits of the skin 

In his aiticle on syphilis in the tropics Manteufel stated that secon- 
dary papular syphilids in the tiopics may sometimes resemble the secon- 
daiy eruption of )'aws and that, on the other hand, the secondary 



Fig 4 — Lesions on the flexor aspect of the legs of a 13 year old girl with an 
extensive general eruption and a stronglj^ positive Wassermann reaction Two 
younger brothers were similarly affected This photograph was given to me b\ 
Dr C M Hasselmann, Manila 

eiuption of yaws ma)' at times resemble secondary syphilids (see also 
the article by Schuffnei ) 

The eruption of yaws begins in the form of papules, which enlarge, 
often to the diameter of a centimeter or considerably more, and appear 
as moist papillomas Several papules may become confluent Exudate, 
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dead epithelium and leukocytes coat the surface with a yellowish or 
dirty white covering When that layer is peeled off there remains a 
reddish granular mass, said to look like a raspberry (hence the name 
frambesia from the French word for raspberry) The , name poly- 
papillomas IS descriptive but is not often used (figs 3 to 5) These 
yaws are generally multiple, often widely distributed, larely occurring 
on mucous membranes but frequent at mucocutaneous junctions 



Fig 5 — A famil}' of Machoen, Java, before and after treatment for yaws 
The photographs were given to me by the Public Health Service of Netherlands 
Indies through Dr John L Hydrick, of the Rockefeller Foundation 


Scliobl (1928, p 218) failed in his attempts to infect the nasal or vaginal 
mucous membiane of monkeys The scalp is rarelj'’ involved Paro- 
nychia occurs but IS not common The charactei istic eruption may be 
pieceded by a roseola (Schuffnei) oi b} a fine desquamation at various 
points Some obseivers have emphasized itching as a symptom (Rat, 
klanson-Bahi Castellani and Chalmers, Jeanselme) Some have stated 
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that of a laige numbei of papules piocluced metastatically, only a small 
part develop so as to become typical of secondary yaws (Rat, Sellards) 
Most wnteis seem to have held the opinion that the oiganisms causing 
the disease are distributed fiom the primaiy lesion by way of the blood 
stream New points of infection appaiently may arise also from the 
rubbing of an infected suiface against an adjacent suiface, as from 
one thigh to the other (Wilson) It is beyond the scope of this article 
to desciibe unusual departures from tjqjical yaws, but annulai or cir- 
culate lesions may be mentioned because of then comparative frequency 
(% 6 ) 

The papillomas of yaws maj'^ heal spontaneously, oi they may persist 
for a long time (fiom two to six months or moie, Schuftnei) In 
healing they leave areas that are sometimes lighter and sometimes daiker 



Fig 6 — A circinate form of yaws, so-called ringworm yaws, on a Negro girl 
aged about 6 years The mother jaw appeared on the foot three months before, 
and the secondarj j'aws, a month later, according to the history There were a 
few lesions about the vulva No treatment had been given as yet The clinical 
diagnosis of j'aws was made bj" experienced plwsicians at Leogane, Haiti 

than the adjacent skin (Baermann) Undei tieatment with modem 
arsenical pieparations (introduced foi the tieatment of yaws by Stiong 
m 1910) the lesions disappear m a fashion that obseivers characterize 
as magical, dramatic oi miraculous Data are lacking that shov 
whethei or not these appaient cuies are permanent, but the results may 
be called encouraging (Sellaids, 1923, Lopez-Rizal and his associates, 
1926, Moss, Baermann, Butlei [1930], Lambeit) In several locali- 
ties a 1 eduction m the prevalence of j^aws following the tieatment of 
large numbers of patients has been repoited (Turner, Saunders and 
Johnston) 

Lymphatic Glands — Most wiiteis on yaws have given little space 
to the subject of the Ijnnphatic glands Rat lefeired to the enlarge- 
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ments that he saw as sympathetic and unimportant Nevertheless 
enlargement of the regional glands has been mentioned by many as 
being common The inguinal and epitrochlear glands have been referred 
to as being involved frequently, but other regions also may be affected 

Sellards, Lacy and Schobl observed that the regional lymphatic 
glands enlaiged in from six to seven weeks after experimental inocula- 
tions in 6 human subjects Harley found the epitrochleai glands 
palpable in 79 1 pei cent of moie than 5,000 cases of late yaws Usually 
it has been stated that enlargement of the lymph nodes is slight, but 
in certain localities Lopez-Rizal and Sellards found enormous enlarge- 
ment It has been suggested that involvement of the lymphatic glands 
may be due in part to secondaiy infection (Moss and Bigelow, Wilson) 
In sections of an epitrochlear gland White and Tyzzer did not observe 
any marked change except hyperemia The spiiochetes have been 
demonstiated in the lymphatic glands in cases of active yaws (Ikegami, 
White and Tyzzer , Baermann , Schobl, in monkeys, 1928) 

Lesions of Bones — Lesions of the bones have been desciihed as 
occuiiing m the secondary stage They will be discussed in connection 
with the tertiary stage 

Histologic Aspect of Secondaiy Yazvs — All the descriptions that 
I have seen have apparently been founded on sections of lesions of the 
skin removed at biopsy (figs 7 to 9) The condition is usually char- 
acterized as a granuloma, with much proliferation of the epidermis and 
much emigration of leukocytes 

The outer lajer of epidermis is thickened and of a hyaline appear- 
ance and is coated with dried serum and cells The deeper, inter- 
papillary part proliferates downward , the acanthosis is usually marked 
The pigment may be diminished in amount oi wholly lacking m the 
epithelium of the area affected (Kelleimann Deibel and Elsbach, Hallen- 
beiger) Mitotic figures may be seen in the epithelial cells m material 
that has been well fixed and stained 

The coiium is infiltrated with numerous cells Ijnnphocytes, plasma 
cells, spindle-shaped cells, large mononuclears and leukocytes The 
descriptions do not lay much stress on the edema, the dilatation of blood 
vessels and the small hemorrhages that are sometimes seen, injuiy 
inflicted by removal of material for biopsy may be responsible foi these 
results in part Many observers have stated that the infiltration consists 
chiefl}^ of plasma cells, especially in older lesions, and some even apply 
the name plasmoma to the condition Others have not observed that 
plasma cells are especially conspicuous, and that has been my own 
e\j>eiience While theie may be some perivascular arrangement of cells 
m the corium, the tendencv of the cells to gathei about the ressels is 
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not maiked Endaitentis and periai teritis are not more noticeable than 
in many inflammatoiy areas, in contiast to what is common in syphilis 
Giant cells are larely seen In some cases eosinophils aie numerous in 



Fig 7 — Cross-sections of one of the earlj papules on the back of a 10 year 
old Filipino girl before treatment was begun I saw this patient with Dr Chiuto 
at the San Lazaro Hospital, Manila She had had secondary lesions for about 
three weeks, a moderate number on the back and a few other scattered lesions 
The photographs were made from sections prepared by Dr Manalang, pathologist 
to the hospital Pigment was diminished m amount or was absent be 3 "ond the 
normal edge Leukoc\tes could be seen emigrating through the epidermis, though 
there were no actual abscesses The cells in the corium were Ij^mphocvtes and 
plasma cells, with some leukoc\tes next to the epithelium The blood vessels vere 
not notablj' invoHed 
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the corium As patients m the tropics are so often infested with intes- 
tinal and other worms, that fact might be noted in connection with the 
eosinophiha Some form of allergic reaction might also be considered 
Mast cells have been mentioned by some observers, but they do not 
seem to be important New capillaries have laiely been mentioned 
Leukocytes aie usually found invading the epidermis in large num- 
beis, they may obscure the junction of the epideimis and corium, and 
they may be seen m all the layers of the epidermis in the process of 
migration In some of my sections epithelial cells and exudate made a 
small homogeneous necrotic area, and when invaded by leukocytes this 
matrix looked curiously like cartilage or osteoid tissue (Gram-Weigert 



Fig 8 — Section of a secondary lesion of yaws given me by Prof Gomez and 
Dr Santa Cruz, of the Philippine Bureau of Science, Manila, showing abscesses 
in the epidermis In the deeper parts, not included m the figure, downward 
growths of epithelium, with considerable numbers of mitoses, were seen The 
conum contained collections of lymphocytes and plasma cells, numerous eosinophils 
and many leukocytes next to the epithelium The blood vessels were not notably 
involved 


stam) , appaientlv new capillaries also imaded the mass Small 
abscesses may form on the surfaces of the papillae, just below the 
epidermis or abscesses may be observed in the layers of the epidermis 
when Its cells become separated, forming cavities that are filled with 
leukocytes (fig 8) These abscesses may contain many spirochetes 
(hto 9) The spirochetes of taws are said to he epidermotrophic, 
because most obseryeis have found them chiefly in the epidermis 
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(Schuftnei and many otlieis) They aie leadily demonstiated by the 
Levaditi method m sections In nine of the eleven secondary papillomas 
of yaws that I piepaied by the Levaditi method, characteristic spiro- 
chetes weie shown and occiiired almost exclusively in the epidermis 
Among collections of spirochetes one may see granules the appearance 
of which suggests an origin fiom disintegrated organisms The neigh- 
boimg cells may show evidences of degeneration or disintegration It 
IS difficult to say whethei oi not the oiganisms occui within cells 



Fig 9 — Enlargement of a portion of a section from the lesion shown in 
figure 8 but stained by the Levaditi method Part of one of the abscesses m the 
epidermis with numerous spirochetes is shown It would be interesting to have 
similar abscesses examined also for pyogenic cocci by Gram’s method 

In sections from a patient rvith an early stage of yaws, Goodpastuie 
demonstrated spirochetes in large numbers in the peiivasculai tissue 
in the terminal portions of some papillae He expressed the belief that 
the oiganisms were bi ought by the blood stream, and that the lesion 
began at that point and spread from there to the epidermis Good- 
pastuie also found that in sections of papillomas of yaws excised foity 
hours aftei the injection of neoarsphenamine and prepared by the 
Le^adltl method no spirochetes could be demonstrated He stated that 
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there was a great deal of destruction of leukocytes and much phago- 
cytosis of leukocytes by large mononuclear cells m the same sections 
In sections made m several recent cases and stained by the Giani- 
Weigert method I have seen good-sized colonies of gram-positive cocci 
and less often other organisms, usually just below the partly necrotic 
epidermis It can hardly be doubted that secondary infection plays an 
important part m many cases of yaws, but evidence is lacking to show 
how much the microscopic picture is modified by secondary infection 
Snmmaiy of Histologic Aspects of Secondaiy Yaius — The concep- 
tion of the secondary papules of yaws that is derived from the work 
of various students is that the spirochetes usually reach the papillae 
of the skin by way of the blood stream from the primary focus or the 
regional lymphatic glands, probably in some cases direct inoculation 
from a neighboring part also takes place By whatever route the 
organisms reach the starting point of the secondary growth, then mul- 
tiplication proceeds chiefly in the epidermis Downgrowth of the epi- 
dermis and migration of leukocytes into it are the outstanding features 
At the same time new cells appear in the coriiim ; practically all possible 
types of cells found in inflammatory areas are present except giant 
cells, which are rarely observed The name plasmoma or even gran- 
uloma is somewhat misleading as it fails to suggest the significant 
involvement of the epidermis The growth of the organism, chiefly m 
the epidermis, and the absence of marked involvement of the blood 
vessels are the most sti iking of the differences in the histologic picture 
of secondary lesions in yaws from those of syphilis Syphilitic condy- 
loma m particular, but also rupia and fiambesiform syphilids, may give 
pictures that closely resemble those seen m yaws But, on the whole, 
investigators seem to have agieed that if a number of cases are com- 
pared, more involvement of blood vessels will be observed even in these 
forms of syphilis than m the secondary papillomas of yaws This is 
an exceedingly conservative statement 

Histologic reports have been given by Fox, Hallenbeiger, Jeanselme, 
Kelleimanii Deibel and Elsbach, MacLeod Marshall, Schamberg and 
Klauder, Stitt (1929), Strong and Shattuck (1930) and White and 
Tyzzei In their ai tides some additional lefeiences are given 

Cl ah Y azos and Claviis — Crab yaws and clavus, or claims, aie 
names gnen to ceitam lesions of the soles of the feet, crab yaws refer- 
ring to the gait, which is thought to lesemble the motion of a crab 
Clavos IS derived from the Spanish word foi nails There appear to be 
two conditions included under these names (1) nodular lesions beneath 
the thick epidermis of the soles of the feet, which may bieak through 
to the surface, leaving ulcers oi holes (Moss and Bigelow), and (2) 
Inpeikeiatosis of the epidermis, with cracks and fissures (fig 10) 
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Many writers place these conditions, especially the nodular form, in 
the late secondaiy stage of yaws To what extent the two conditions 
coincide is not clear from the literature (Schobl, 1928) The piactice 
of going barefoot may have some influence on the hypeikeiatosis The 
palms of the hands may be involved in similar processes, but more 
raiely If the lesions are of sufficiently early origin to contain 
living spirochetes, the seium exuding fiom them may offer one more 
means for spreading the infection At lural dispensaries it is common 
to see several barefoot patients with lesions of the soles of the feet 
standing about the premises At the station of the Rockefeller Foun- 
dation, Kingston, Jamaica, Dr T B Turner told me that he has found 





Fig 10 — Crab yaws on a patient at Kenskoff, Haiti (altitude of about 4,000 
feet) Some of the white spots were pebbles lodged in the cracks in the epidermis 
The clinical diagnosis was made by Haitian physicians 

motile spirochetes fairly regularly by daik-field illumination in the serum 
from the lesions of crab yaws The histologic picture of the hyper- 
keratosis has been described by Gutierrez (1923) It has been said 
that inoculated monkeys sometimes show keratoderma closel}'’ resembling 
that seen in yaws in human beings (Schobl and Hasselmann) 

TERTIARY STAGE 

Disease of Bone in Yaws — For many years it has been alleged that 
the bones may be affected in late yaws, and a large number of observers 
in practicall}'- all parts of the tropics have alluded to this condition 
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Some have denied that bone lesions aie produced by yaws, and some 
still express doubt in this legaid Nodules lesemblmg gummas, dacty- 
litis, thickening of the bone proceeding from the periosteum and a sabie- 
shaped tibia are among the forms desciibed When thickening takes 
place beneath a chronic ulcer, it could be the result of a secondary 
periostitis and not directly due to yaws The bone disease thus far 
described is not distinguishable grossly from that seen in cases of late 
syphilis The argument advanced is that the disease of bone occurs m 
persons giving a history of having had yaws and showing the scars of 
previous yaws and that yaws is common in the district and syphilis 
rare or unknown 

Since the introduction of the roentgen rays moie accurate studies 
are possible It now appears that changes in the bones, which may 
be accompanied with considerable pain, may take place while papillomas 
of unmistakable active yaws are still present Schuffner, in his report 
of cases in Netherlands Indies, was among the hist to publish roent- 
genograms of the bones The changes shown in his excellent roentgeno- 
grams could not be distinguished from syphilitic osteoperiostitis, while 
his diagnosis of yaws (in one instance of acute floiid yaws) was of 
course conclusive Soetomo and Eichorn, and Polak gave illustrations 
of other cases from Java Maul described a series of patients seen in 
the Philippines and gave roentgenograms In one case he published 
excellent photographs showing the primary lesion and unmistakable 
secondary papillomas and roentgenograms from the same subject 
Maul’s results differed from those of Schuffner in showing most com- 
monly areas of rarefaction in the interior of bones, occasionally reach- 
ing the surface of the joint In most cases there was one or a few of 
these aieas, but one subject presented one hundred and thirteen Several 
other processes, such as abscess, could produce similar pictures Maul 
has found only a small percentage of cases of swelling of the surface 
or periosteal thickening 

At Kingston, Jamaica, in 1933 Drs Turner and Saunders, of the 
Yaws Commission of the Rockefeller Foundation, showed me a large 
number of roentgenograms of children (fig 11) Some of the children 
were said to have shown active lesions of the skin , in some, spirochetes 
were demonstrated in the lesions of the skin , others gave a history of 
having had yaws According to my notes, the changes appeared m long 
bones and were of three types areas of absorption, areas of absorption 
surrounded apparently by a region where there vas new formation of 
bone and thickening of bones proceeding from the periosteum The two 
lattei tjpes could not be distinguished from the changes produced by 
sjphihs The first tjpe, simply showing aieas of absorption, was the 
most frequent , the areas v ere from 0 5 to 2 cm in diametei Their 
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results will be published latei, but I have been permitted to make this 
statement in advance 

At Batavia, Java, Di van dei Plaats sho\^ed me i oentgenogi ams of 
7 patients foi whom a clinical diagnosis of fiambesia had already been 
made b)'- othei physicians According to my notes, the films showed 
thickening of bone fiom osteopeiiostitis like that of syphilis, areas like 



Fig 11 — Roentgenogram of the hands and forearms of a 6 3 "ear old girl who 
had acquired yaws two years previously She was given injections at that time, 
but osseous lesions and ulcerative cutaneous lesions developed a j^ear later and 
persisted This roentgenogram was made at the Kingston (Jamaica) Hospital 
and given to me by Dr T B Turner, of the Rockefeller Foundation No secon- 
dar}" frambesiform lesions of the skin were then present, but Dr Turner had 
no doubt as to the diagnosis 

those pioduced by syphilitic gummas, and aieas that might have been 
the lesult of osteomyelitis Iseki reported a case of early yaws in 
mIhcIi frambesic papules and disease of the bones weie present at the 



WILLIAMS— YAWS AND SYPHILIS 


613 


same time Professor Ver Bunt, of Batavia, recently informed me 
that after reviewing the cases of patients with fiambesia showing bone 
lesions who had come to his clinic during the preceding year, rather 
to his surprise it appealed that no patient showed osseous lesions 
simultaneously with the papuloci ustate eruption, that is, the osseous 
lesions in this senes weie late lesions Montel and Couput also described 
late lesions 

In general, observers seem to have agreed that the acute lesions 
of yaws in bones are commonest in children and that the bones of the 
hands, feet, legs and arms are most often involved Fiom what has 
been said it appears that some of the changes seen in roentgenograms 
are indistinguishable from those resulting from syphilis However, 
the curious areas of absorption of bone, often multiple, are unlike the 
changes usually described for syphilis They perhaps resemble some 
of the areas described by McLean in congenital syphilis of bone in 
young children Direct action of the spirochetes, their toxins, allergy, 
secondary infection and mixed infection ate among the possible expla- 
nations for the changes in the bones that suggest themselves Histologic 
study of the bones in a series of these cases might furnish a solution 

Wolter gave a brief histologic description of a lesion in a case of 
dactylitis, apparently in a child (taken from Hashiguchi, whose work 
is not now accessible to me) There were thickening of the periosteum, 
with edema, slight infiltration of lymphocytes, plasma cells and fibro- 
blasts, leukocytes were occasionally seen, especially in and about the 
walls of small veins with a more or less swollen endothelium Piolif- 
eration of the capillaries, the smallest veins and the lymph clefts was 
observed Necrosis and scarring weie not demonstrated Spirochetes 
were not seen Wolter expressed the opinion that the dactylitis was 
simiiai to that of congenital syphilis but that it must be very rare m 
frambesia He suggested allergy as an explanation I do not know 
of any other histologic studies of the bones in yaws Hermans described 
aithritis and involvement of tendons among the late results of yaws 
One point of difference from syphilis may be mentioned heie The 
involvement of the outer surface of the skull, especially the frontal 
and parietal bones, in a gummatous peiiostitis has long been regarded 
as frequent in severe cases of tertiary syphilis, but it is rarely seen 
today The worm-eaten appearance of such a skull is well known 
There is practically no evidence that yaws produces this type of skull 
Sir Arthur Keith infoimed me of a skull of that type from the Society 
Islands, said to be that of a patient with yaws, but without other pi oof 
Geoig desciibed a doubtful case fioin the Dominican Republic, which 
was piobably a case of syphilis In the liteiature I have not seen any 
lepoit of the production of lesions of the bones m animals that had 
been inoculated successfully with the wins of yaws (ivith the excep- 
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tion of that of Hashiguchi quoted by Matsumoto) That includes the 
extensive series of monkeys infected by Scliobl and the rabbits described 
in a recent leport by Turner and Chesney Bone inairow from infected 
monkeys inoculated into other monkeys is said to have produced yaws 
(Neisser and his associates, quoted by Maul) In animals infected with 
syphilis, however, disease of the bones has been recorded many times 

Late Ulce) s — The difficulty or impossibility of distinguishing some 
of the late manifestations of yaws from the late lesions of syphilis has 
long been recognized In articles published in recent yeais theie has 
been shown an increasing tendency to admit that certain lesions may 
be due to yaws that formerly would have been attributed to syphilis 
Some writeis have considered that certain mutilating forms of syphilis 
that aie alleged to occur m the tropics are really yaws The arguments 
for regarding these lesions as due to yaws are that m the communities 
m question primary venereal chancre and typical secondary cutaneous 
eruptions of syphilis aie said to be raie, miscairiages among the women 
are rare and signs of congenital syphilis among the children are wanting, 
while yaws m the early stages is frequent 

Chronic ulcers that cannot be distinguished from tlie late ulcers of 
syphilis seem to occur frequently m late stages of yaws Sometimes 
the ulcers arise from early lesions that have not healed, moie often 
they appear first after an interval of months oi years after the original 
attack They often occur on the leg and may originate m the bieaking 
down of nodules m the skin that are like gummas The ulcers may 
heal after the destruction of a great deal of tissue and ma}'^ lead to 
contractures and grave deformities I have not encountered any refer- 
ence in the hteratuie to the development of epithelioma on the late 
ulcers of yaws, and that must be an uncommon occurience, I have 
learned of a few instances m peisonal communications 

Dr H M Wade, of Cuhon, Philippine Islands, has sent me several 
photographs of patients wuth chionic ulceiative conditions, sometimes 
resulting in a gieat deal of scarring and defoimity The lesions had 
been diagnosed incoriectly as leprosy and m Dr Wade’s opinion prob- 
ably represented late stages of yaws Specimens such as those illustiate 
forcibly the difficulties of diagnosis in many cases of chionic ulceration 
m tropical countries The same difficulties are well illustrated in the 
reports of Strong and others on work in Brazil and m Liberia (1925, 
1930) 

Gaiigosa — Gangosa and rhmopharjmgitis mutilans are terms that are 
used more or less interchangeably The w’^ord gangosa, first employed 
m the island of Guam, is derived from the Spanish word meaning nasal 
voice In this disease there may be destruction of the soft parts of the 
nose and the adjacent paits of the face and of the palate There may 
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also be destruction of bone Shocking mutilation may result, the piocess 
sometimes even extending to and destioymg the eye Gangosa com- 
monly resembles types of late syphilis that formerly were seen m Europe 
and the United States but that have become rare at the present time 
In localities where both syphilis and yaws aie prevalent it may be 
impossible to make a positive diagnosis In some instances gangosa is 
also said to resemble lupus, leprosy, blastomycosis and leishmaniasis 
In some places wheie yaws is prevalent there may be many cases of 
gangosa, and in others, veiy few (Rat) Hunt and Johnson, who studied 
2,000 cases of yaws in Samoa, stated that gangosa was excessively rare. 



Fig 12 — Gangosa (rhinopharyngitis mutilans) in a man aged 24 The soft 
palate but not the hard palate was perforated I saw the patient several months 
after the photograph was taken, and there had been great improvement The diag- 
nosis was made by Prof Ver Bunt, Batavia, Java, who gave me this photograph 

if not unknown That of course suggests that gangosa may be a mani- 
festation of syphilis or peihaps of some separate infectious condition 
Some writeis have expiessed the belief that the process originates m 
the mucous membrane, such as that of the soft palate, and that it extends 
from theie outward (Stitt, 1929) 

Schobl (1928) stated that in some of his monkeys inoculated with 
the virus of yaws he produced lesions of the nasal region closely 
lesembhng gangosa as seen in man His explanation of the patho- 
genesis of gangosa is that in an infected animal an ulcer develops on 
the skin of or inside the nose, that the animal becomes allergic as a 
result of the infection and that finally the ulcer pioduces an intense 



616 


ARCHIVES OF PATHOLOGY 


destruction of tissue, even including bone, extending from the skin to 
the mucous lining of the nasopharynx Schobl expiessed the belief 
that m some animals immunity develops, as will be shown later in this 
paper, and in such cases superinfection would fail 

Histologic Aspects of the Late Ulceis of Yaws and of Gangosa — 
Histologic study of the late lesions has leceived less attention than that 
of the papillomas of the secondaiy stage Hallenbeiger and Strong 
and Shattuck (1930) each considered it at some length What is 
found IS practically the picture seen in any granulating ulcer, which 
may be moie or less modified by the amount of secondary infection 
necrosis and ulceration, infiltration of the underlying tissue with 
lymphocytes, plasma cells, leukocytes, fibroblasts and sometimes giant 
cells and new growth of capillaries Theie may be a perl^ascular 
infiltration of “small cells ” Spirochetes are said to have been demon- 
strated in several cases of gangosa by Baermann and otheis Hallen- 
bergei stated that the histologic picture of the ulcers of late yaws 
is very much like that of comparable lesions in syphilis, the classic 
alteration of blood vessels in syphilis is the most important criterion 
for the differential diagnosis of its late lesions from those of fram- 
besia In a histologic study of 50 cases, he made a diagnosis of 
frambesia in 49 and of syphilis in only 1 But in old syphilitic con- 
ditions the characteristic periarteritis and endarteritis cannot always 
be demonstrated, as I have often seen myself Also in simple chronic 
granulating ulcers considerable change in the vessels may occui It 
appears, then, that in a series of ulcers due to yaws there would prob- 
ably be less change in the blood vessels than in a similar series in 
cases of syphilis but that the diagnosis in a single case would be very 
uncertain 

Goundou — Goundou, or gundu, is the name given to a hyperostosis 
of the bones on the sides of the nose, sometimes likened to hoi ns 
Apparently it is seen most often in Negioes Many observeis have 
regarded it as a late manifestation of yaws, but others have not Hallen- 
berger stated that it is a peculiar thickening of the nasal process of the 
superior maxillary bone due to periostitis ossificans He regarded yaws 
as Its cause In 1930 Strong and Shattuck published a repoit in which 
they discussed goundou and gave a leview of the hteiature 

Jii.\ta-Ai hcidai Nodules — Juxta-articular nodules owe their name 
to Jeanselme They have been fully described by Strong and Shattuck 
(1930), who gave a complete bibliography on the subject In the fol- 
lowing account I have attempted to condense the facts, chiefl}'^ those 
given by Strong and Shattuck 

Juxta-aiticular nodules aie firm subcutaneous nodulai masses, 
usually situated near joints of the extremities Thej^ may attain the 
size of an egg Essentiallj^ they consist of layers of connectn'^e tissue 



WILLIAMS— YAWS AND SYPHILIS 


617 


enclosing a central necrotic mass The central pait contains leukocytes 
and many large mononuclear foamlike phagocytic cells In the con- 
nective tissue layers there may be some periarteritis and endarteritis 
In the cases studied by Gutierrez (1925) the nodes consisted of cellular 
connective tissue Most observers have not seen organisms in the 
nodes Strong and Shattuck did not observe any organisms, though all 
kinds of technical methods were employed A few observers claim to 
have demonstrated spirochetes (cited by Baerniann) These nodules 
have been attributed to a fungus of the Nocardia gioup, to syphilis 
and to yaws The filarial vrorm Onchocerca produces very similar 
tumors (Strong and Shattuck) Evidently, there are various causes 
for the production of nodes of this sort Many observers have found 
them to be frequent in localities where yaws is common and have 
regarded them as a late manifestation of yaws 

Anewysm — Many, if not most, writers on yaws have not mentioned 
aneiiiysm of the aoita When it has been mentioned, the number of 
cases reported has usually been so small as to be without significance 
(Harley, Wilson and Mathis, Wilson, Hunt and Johnson, Macfie) 
However, Lambert stated that aneurysm and aortic disease are often 
seen in Fijians, among whom yaws is almost univeisal, while syphilis 
is almost unknown The force of Lambert’s statement seemed to me 
to be greatly lessened when he said that syphilis is frequent m East 
Indians and other Asiatics who have come to the same islands A dis- 
cussion of conditions in Fiji with regard to the occurrence of yaws and 
syphilis IS found in connection with the papers of Manson-Bahr, Stannus 
and Powell 

The most extensive work on aneurj'^sm and disease of the aorta m 
possible cases of yaws was that of Choisser m his report on 700 autop- 
sies made in Haiti, which I shall summarize briefly Most characteristic 
of yaws, Choisser stated, are patches of fatty degeneration of the aorta, 
beginning in the intiina about 5 mm above the \alves, and in linear 
scars, and sometimes extending so as to invoLe the entire aorta in 
extensive atheroma The valves of the heart are not often involved 
He noted 8 cases of aneurism of the aorta, 1 case of gumma of the 
lirain and 1 of cerebral hemorrhage Opalescent patches m the peri- 
cardium and endocardium, a flabby myocardium and small scars m the 
liver weie noted Choisser also stated that spontaneous cerebral hem- 
orrhage (4 cases) is not infrequent m young adults with clinical histones 
and symptoms of 3 "aws, but he did not describe the symptoms 

In estimating the significance of Choisser’s studies, one should 
inquire whether or not he could possibly have been certain that he was 
dealing with yaws He said that his patients had “a, negative histoi^ of 
syphilitic infection and no evidence of scars on the genitalia ” Referring 
to the changes of the aorta he said that “the only other clue to the 
infection is the scar of the mother ran ” Conceinmg some of his 
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patients with aneurysms he said that they gave histones of yaws in child- 
hood or years previously The evidence consisted, therefore, of state- 
ments found m the clinical histones, in the absence of genital scars and 
in the piesence of scars attributed to a previous attack of yaws If an}'^ 
of the subjects showed the characteristic papillomas of yaws while under 
observation, Choisser did not mention it His autopsies were made at 
the Haitian Geneial Hospital, Port au Piince, which is a seaport where 
syphilis IS conceded to prevail The evidence that the aneurysms and 
other lesions described by Choissei were due to yaws does not seem to 
me to be convincing (see the article b)'^ Koltes and Albrecht on the 
prevalence of syphilis in Haiti) 

Weller has recently studied the aoita in 169 cases at the Haitian 
General Hospital which Chambers selected from what seemed to be 
probable cases of “treponematosis ” One hundred and eleven specimens 
(66 8 per cent) showed histologic lesions similar to those of syphilis 
Ninety-six of these were stained for spirochetes, and positive results 
were obtained in 28 cases 

The significance of these results depends entirely on the reliability 
of the clinical histones and on the importance of old scars of the geni- 
talia in the diagnosis of syphilis and of old scars on the surface of the 
body in geneial in the diagnosis of yaws 

In a small number of these cases (11) there was a genital scar with 
a history of syphilis but not of yaws In anothei small group (14) there 
were scars due to yaws with a history of yaws but not of syphilis, and 
no genital scars were noted Nine of the syphilitic patients and 11 of 
those with yaws showed the microscopic changes in the aorta that are 
consideied to be characteristic of syphilis The unusual frequency of 
aortic aneurysm was noted Weller did not consider that his study 
offered proof of either the unity or the duality of yaws and syphilis 
An account of this woik will appear in the Ti ansacHons of the Asso- 
ciation of Ameiican Physicians for 1935 Dr Weller has kindly allowed 
me to read an abstract of the paper and to publish this note in advance 

Othei Conditions — Tabes dorsalis and dementia paralytica are not 
mentioned in many reports on yaws, in many other cases the rarity of 
these diseases in regions where yaws is prevalent is noted As fai as 
I can learn, nowhere but in Fiji has yaws been assigned as a frequent 
cause of these conditions (Lambert) The remarks on conditions m 
Fiji made in connection with aneurysm of the aorta apply also in this 
paragraph However, these forms of neurosyphilis are said by some 
to be decidedly rarer in colored races than in white races The possi- 
bility that the frequent malaria of the tropics exercises a restraining 
influence on their development and the possibility that neurosyphilis 
may be due to a strain of spirochete with special affinities for the nervous 
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system suggest fields for study of uncommon interest, but not included 
witlun the scope of this paper Diseases of the eye and alopecia are not 
usually mentioned as being frequent in cases of yaws 

INOCULATION 

Hitman Beings — Infection of human beings with yaws has been 
done with success by numerous experimenters by inoculation with mate- 
rial derived from patients with yaws The results are cited by Ashburn 
and Craig and by many other writers 

Monkeys — In monkeys inoculated with material from papules of 
yaws of human beings which contained the spirochetes, local lesions 
usually developed that were somewhat like those seen in human sub- 
jects and that also contained spirochetes Inoculations were made 
subcutaneously or by applying serum to an abrasion Secondary lesions 
seemed to occur rarely (see Ashburn and Craig, who also cited the 
previous work of Castellani and of Neisser and his colleagues), but 
Baermann saw secondary lesions repeatedly The monkeys used were 
animals of the genuses Semnopithecus, Macacus and Cynomolgus and 
a few Gibbons and orang-utans The incubation period varied from 
about fourteen days to more than ninety days The spirochetes might 
be present in the spleen and lymphatic glands (Castellani) and in the 
bone marrow (Neisser and others) Numerous other investigators have 
made successful inoculations in monkeys (Nichols, White and Tyzzer, 
Schamberg and Klauder, Schobl and his colleagues, Hoffmann) The 
reports of autopsies as recorded for infected monkeys have not included 
mention of lesions of the internal viscera (Ashburn and Craig, Schobl) 
In the course of a large number of inoculations of monkeys (Cyno- 
molgus) in Manila, Schobl (1928) rarely saw spontaneous metastatic 
lesions other than those occurring through the local lymphatic vessels 
However, he was able to produce distant metastases by supennfection 
The metastatic lesions that he produced were not as numerous or as 
extensive as those that are often seen in human beings In general 
Schobl found these monkeys more resistant to yaws than man, and the 
lesions healed more promptly Spirochetes were detected in the regional 
lymphatic glands only in cases of active yaws and not always in 
them He saw no evidence that a latent infection existed in the lymph 
glands, but the spirochetes survived dormant m the skin He stated 
that several types of lesions seen in man were reproduced in his monkeys, 
as has been mentioned with regard to hyperkeratosis and gangosa 

Rabbits — Rabbits were used successfully for inoculation with the 
vinis of 3 'aws first by Nichols and subsequently by Reasoner, Brown 
and Pearce, Jahnel and Lange and Matsumoto and his colleagues 
Numerous experiments were reported recently by Turner, Chambers 
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and Chesney, who gave references to the work done previously They 
obtained successful inoculations with mateiial from 8 different patients 
with undoubted clinical yaws in Haiti At the same time rabbits were 
successfully inoculated with material from a Haitian Negro with a 
typical hunterian penile chancre, this and six other strains of syphilis 
from sources in the United States and Europe were used for com- 
parison with those obtained from the rabbits infected with yaws It 
was found, as others had pieviously claimed, that yaws was more 
difficult to propagate than syphilis In rabbits the average incubation 
period was longer m yaws (thirty-eight and six-tenth days) As 
Brown and Peaice had alieady noted, and as was corroborated 
by most though not all obseivers, the inoculated testicle showed scat- 
tered miliary granules m its bod}'’, m the tunic or the epididymis, 
the miliaiy lesions consisted of large and small lymphocytes and many 
eosinophils Spirochetes were demonstrated m the active lesions, which 
lasted several weeks and slowly retrogressed The character of the 
results remained the same with the diffeient strains and with the lapse 
of considerable time, indicating that there was no modification of the 
virus by repeated passage through rabbits (m one strain through fifteen 
generations of rabbits) The strain of syphilis lecovered in Haiti 
gave lesults in the testicles of rabbits like those seen with other strains 
of syphilis, with gieat enlargement and induration, and the number 
of positive results from inoculation was much larger than with yaivs 
A considerable portion of the rabbits inoculated with }'aws gave nega- 
tive or slight leactions Occasionally a rabbit gave a leaction as severe 
as that seen in the rabbits inoculated with syphilitic material In 
rabbits intracutaneous inoculation with the viius of yaws produced 
erythema, desquamation or enlaigement of the papillae, owing to 
collections of lymphocytes, not like the button-like lesion produced 
in syphilis of the rabbit’s skin Inoculations in the testis pioduced 
metastasis to the uninoculated testis less often than was the case with 
syphilis None of 87 animals inoculated with the virus of yaws and 
carefully observed showed lesions indicating generalization of the infec- 
tion m the bones, periosteum, skin and eyes, whereas lesions of that 
type were seen m rabbits inoculated with the Haitian strain of spiro- 
chetes of syphilis Hashiguchi, however, according to Miatsumoto 
observed lesions of the skin, bone and eyes in a fair proportion of rab- 
bits inoculated with the virus of yaws 

Manteufel and his colleagues stated that in the beginning the 
strain of organisms of yaws with which they worked produced changes 
in the testicles of rabbits that were notably mildei than those produced 
by inoculation with the organisms of syphilis But gradually their 
strain of organisms of yaws came to produce results like those seen in 
rabbits with syphilis (large masses in the testicle , deep, hard chancres) 
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except that the labbits with yaws after healing of the manifest lesions 
only exceptionally showed inoculable virus m the glands, while it was 
almost always shown by rabbits with syphilis 

Using a strain of organisms of yaws obtained in Sumatra, Hoffmann 
pioduced in rabbits a granular periorchitis like that described by Brown 
and Pearce and nodules containing numerous spirochetes He observed 
unilateral nodular infiltrations consisting of lymphocytes and plasma 
cells involving the adventitia and media and even the intima of the 
small veins , he considered that this condition differed from the phlebitis 
of syphilis 

Some Japanese investigatoi s have stated that yaws can be trans- 
mitted to guinea-pigs by inoculation, the prepuce being the most favor- 
able location It IS said that the local lesion is different from that pro- 
duced by inoculations with the virus of syphilis (Tam and Ogiuti) and 
also that mice and rats may be inoculated with the spiiochetes of yaws, 
and that the organisms may be demonstrated in some of the viscera for a 
long time theieaftei (Misaizu) 

IMMUNITY TO YAWS 

Rat has said that second attacks of yaws occui but are rare He 
also stated that in places where yaws is endemic “it generally attacks 
children, and experience shows that the disease runs a milder course 
than in the later years of life So convinced of this aie parents m 
certain parts of Africa that every facility is given to contiact the dis- 
ease in infancy, and even inoculation is resoited to in order to ensure 
this ” Sellards said that “at Yainasa in the Dominican Republic the 
parents make a practice of freely exposing children to the disease 
because they feel that the sequellae, especially clavos, aie less likely to 
be severe when the disease develops during infancy” Mattlet observed 
that near Lake Tanganika in Africa mothers inoculate infants with 
material from persons with pian to ward ofi tertiary complications , in 
infants the secondary eruption is excessively florid According to Stitt 
(1928), inoculation to procure immunity is practiced by natives of 
Guinea, and Manson-Bahi said that this has long been done in Fiji 
In Java I met physicians who informed me that the natives believe 
that an attack of } aws confers immunity and other physicians who had 
not heard of aii}’^ such belief Among those who have had large experi- 
ence with yaws the belief seemed fairly general that immunity is 
developed Hermans cited numerous examples of this belief 

There are also reports of cases in which reinfection or supei infec- 
tion has occurred, though it happens rarely (Baermann) 

Sellards, Lacy and Schobl showed that volunteers could be infected 
with yaws From four to six weeks later and while secondary lesions 
ueie present, the} uere again inoculated, and granulomas resulted 
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Sellards and Goodpasture (1923) and Lacy and Sellards (1926) 
observed that in subjects who had had yaws some months or j^ears 
previously (some of them having had tieatment) reinoculation some- 
times gave positive lesults, more often abortive lesions or no lesions at 
all These experiments indicated that the development of immunity 
requires a long time Baermann cited expeiiments by Castellani, Neis- 
ser and others that seemed to show that monkeys that aie successfully 
inoculated acquire immunity against yaws, he also consideied and dis- 
cussed the possibility that an apparent immunity may be due to latent 
infection 

Continuing the studies for which their inoculation of monkeys with 
the virus of yaws laid the foundation, Schobl and his colleagues per- 
formed an enoimous amount of experimental work on immunity against 
yaws and syphilis, using seveial hundied monkeys Their woik had the 
merit of having been done in the tropics as well as having been con- 
ducted on an animal as neaily i elated to man as possible The results 
were published in vaiious numbers of the Philippine Journal of Science 
from 1928 to 1931 They weie summarized in the paper of Schobl 
and Hasselmann 

Schobl stated that in monkeys inoculated with the oiganisms of 
yaws a positive (Wasseimann, Kahn) leaction of the blood seium might 
develop (Garcia) A stiongly positive reaction developed when the 
local lesion was marked and aftei repeated outbreaks in the animal, 
when there were slight local lesions or late lesions, the leaction was 
likely to be weak The serum leaction was manifested m an earl} 
positive phase aftei the fiist inoculation, then a negative phase and then 
a second positive phase, whether moie lesions appeared or not 

A condition resembling immunity might ensue, as was indicated 
when a fresh inoculation with infectious material was followed by a 
negative result Immunity in inoculated monkeys usually appealed 
about SIX or seven months after the original inoculation (The slow 
development of immunity may explain the conflicting results of othei 
observers ) Schobl observed that the condition of resistance to supei- 
infection was effective in pioportion to the intensity of the eaily lesions 
in yaws and the number of invading organisms He expressed the 
belief that his lesults were in haimony with the principles established 
by Blown and Pearce foi expeiimental syphilis, which he stated as 
follows “The number of the invading tieponemas during the early 
stage stands in direct proportion to the degree of immunity that subse- 
quently develops It stands in inverse proportion to the time necessary 
for the development of immunity ” The immunity endured for a long 
time, probably throughout the life of the monkey, it might persist 
after the serum reactions became negative Schobl prepared a vac- 
cine consisting of killed parasites from experimental lesions of }aws 
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m monkeys Injections of that vaccine produced m monkeys positive 
reactions of the serum the strength of which was m proportion to the 
number of organisms introduced Schobl and his colleagues stated 
further that monkeys given injections of the vaccine were made immune 
so that the> lesisted inoculations with the living organisms of yaws 

CROSS-IMMUNITY BETWEEN YAWS AND SYBHILIS 

Various observers fiom widely separated points have expressed the 
opinion, based on clinical studies, that infection with one of these dis- 
eases confers a certain amount of immunity against the other (Wilson 
and Mathis in Haiti, Manson-Bahr and Lambert m Fiji, Parham in 
Samoa and Connolly in East Africa) , the more common opinion is 
that an attack of j^aws sometimes giies immunity against syphilis 
However, the evidence is somewhat conflicting (Mattlet, van den 
Branden and Dubois, Powell) MacCallum related a curious incident 
“St Johnstone examined caiefully a labor battalion of Fijiians which 
was sent to France during the war They all had yaws but no syphilis 
On their return there were manv cases of gonoirhea, but none of 
syphilis ” Some critics have regarded the reports from these islands as 
unconvincing and have questioned that the native population is as 
nearly free from syphilis as is alleged It is known that the East 
Indians and Chinese m Fiji have syphilis (Powell, Stannus) Strong 
and Shattuck, and Baeimann have given good summaries of what was 
known of the immunologic relations of yaws and syphilis up to 1930 
In the present review I shall refei only to part of the work published 
Several observers have reported the occurrence of one of these diseases 
in persons who had already had the other, for instance, Goodman saw 
vaws in a child who also had hereditaiy syphilis Castellani, and Neis- 
sei and his colleagues found that monkeys that had been infected with 
yaws were lefractory to yaws but susceptible to syphilis Levaditi and 
Nattan-Larner were successful in infecting monkeys with yaws but 
were unable to tiansmit yaws to monkeys which had previously been 
infected with syphilis Nichols inoculated a small series of labbits with 
}aws, and part of them were treated Aftei intervals of from ninety 
days to more than a }'ear they were inoculated with an active strain 
of syphilis More than half of the animals proved refractory to the 
second inoculation About 25 persons wuth dementia paialytica weie 
inoculated by Jahnel and Lange (1928) with a viius of jaws from 
infected rabbits using strains from America and from Sumatia The 
lesults were negative in all but 1 case (Sumatra stiain), in which an 
abortive lesion resulted Jahnel and Lange have given a good sum- 
maiy of the characters of jaws and its immunology as lepoited up 
to 1928 They discussed the pioperties of different strains of the viius 
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of yaws and the time factor in the pioduction of immunity They 
suggested that yaws and syphilis express the extremes of a group of 
closely related viinses in which endemic syphilis, which is usually of 
extragenital origin, may be an intei mediate process 

Manteufel consideied some of these expeiiments and others and 
leviewed statements to the effect that a strain of syphilis has been 
said to piotect animals from inoculation onl}^ with the same strain 
(Kolle and Schlossberger) , that strains of oiganisms of yaws and of 
syphilis that did not have compaiable degrees of Mrulence have been 
used in cross-immunity experiments and also that stiains of the virus 
of yaws seem to acquire greater pathogenicit}' with repeated passages 
(see the discussion under inoculation of rabbits) Manteufel then 
expiessed the opinion that experiments m cross-immunity do not give 
convincing evidence for oi against the nonidentity of 3'aws and syphilis 
Schobl expiessed the belief that fundamental diffeiences exist 
between yaws and syphilis and that the two diseases maj’- coexist in one 
animal Neveitheless he noted a certain amount of both serologic and 
immunologic reciprocity between them, and he agieed that biologically 
the organisms belong to the same group He and his colleagues experi- 
mented with monkeys, testing them m vaiious ways with the Nichols 
strain of syphilis obtained fiom infected labbits This strain inocu- 
lated into the skin of the eyebrow or scrotum of the monkey gave 
a slight local reaction, soon healing, while the legional lymphatic 
glands cdntinued to harbor viable organisms (tested by inoculation of 
rabbits in the testis) It is impossible to give here moie than an indi- 
cation of the kind of experiments made , for details the original articles 
must be consulted (Schobl, Schobl and Hasselmann) Schobl stated 
that monkeys that had been rendered immune against yaws by inocu- 
lation with living organisms of yaws “or by the injection of tlie life- 
less vaccine [refeired to pre\iously] proved lefractory to inoculation 
with S3'^phihs a 3fear later, and some gave eaihei, slight or no local 
reaction and showed in the lymphatic glands no Aiable organisms, 
provided that the immunit3'- from 3^aws infection had been given suffi- 
cient time to fully develop ” Fi om other experiments can led out on 
similar lines it was concluded that inonke3'’S that vere first inoculated 
with syphilitic material became resistant to subsequent inoculation with 
the spirochetes of yaws In these tests the tune factor and the amount 
and kind of material injected were of fundamental importance 
Schobl concluded that a reciprocal immunity existed that was a group 
immunity against 3'aws and syphilis and that a homologous immunit3'’ 
also existed that developed earliei than the heterologous group immun- 
it3^ One stiain of yaws that was employed continuousty for six yeais 
and repeated^ passed through monkeys kept its characters unalteied 
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Schobl also noted that the strain of syphilis (Nichols) continued to 
produce a local sclerosis in monkeys as long as it was used 

Dr Schobl has kindly examined and corrected the foregoing 
account of the work of himself and his colleagues Obviously his 
statements regarding his later experiments suggest possibilities of 
immense importance It is to be hoped that these experiments will be 
repeated and amplified, strains of yaws and syphilis fiom new sources 
being employed 

Certain Japanese mvestigatois reported that they failed to find 
evidence of cioss-immunity between yaws and syphilis Matsumoto 
and his colleagues stated that rabbits might be supennfected with 
yaws within seventy-six days of the first inoculation, while super- 
infection usually failed eight months after the first infection But in 
animals infected with yaws that received thorough treatment with 
arsphenamine, reinoculation gave positive results twenty months after 
infection They observed that syphilitic labbits were usually susceptible 
to inoculation with yaws Rabbits that had been cured of syphilis with 
arsphenamine were usually susceptible to yaws Six of 10 labbits that 
were not susceptible to supennfection with syphilis (even with a heterol- 
ogous strain) were still susceptible to inoculation with the organisms of 
yaws Kato infected rabbits with yaws, they weie then supennfected 
three times and were found to be immune against yaws Thirty-one days 
after the third supennfection, spirochetes of syphilis, m part highly 
diluted, were introduced into the back The inoculations were said to 
have given uniformly positive results, with more or less prolongation 
of incubation Rabbits were infected with yaws and after from one 
hundred and two to three hundred and eight-nine days weie cured 
with arsphenamine Twenty days later these rabbits were inoculated 
intravenously with an emulsion of syphilitic virus, and later all of 
them piesented generalized lesions due to syphilis More recently 
Misaizu, using rats and mice, first infected the animals with the spiro- 
chetes of yaws, then treated them with arsphenamine and later rein- 
fected them with the spirochetes of yaws He observed no evidence 
that specific immunity was produced by the fiist inoculation Such 
experiments as weie performed to test the development of cioss- 
immunity between yaws and syphilis gave negatwe results 

SUMMARY AND DISCUSSION 

A few }eais ago I began examining the evidence bearing on the 
relations of yaws and syphilis and had the advantage of being without 
any preconceived opinion It soon became clear that some acquaintance 
with the appearance of yaws was necessary, and I visited the tropical 
islands of Haiti and Java and the Philippines (Manila) I saw a 
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moderate numbei of patients with yaws (from 300 to 400), mostly on 
a single occasion only Practically every type of lesion that I have seen 
described was observed, but there were only a small number of instances 
of obvious bone disease I was deeply impressed with the fact that 
yaws IS only one of many problems confiontmg physicians m the 
tropics, along with dysentery, beriberi, tuberculosis, smallpox, leprosy 
and sometimes bubonic plague and with malaiia and worms always to 
the front 

Acute yaws is comparatively easy to manage by treatment, though 
what the final results of the treatment will be cannot yet be determined 
The natives, having observed the results of treatment, appear at the 
clinics voluntarily in laige numbers and bring their children Patients 
with acute yaws seem not to come to autopsy Autopsies in the tropics 
can be made with modern technical methods only at hospitals m laige 
cities, where it is difficult to exclude the possibility that syphilis may be 
present 

Beginning with Rat’s monograph and even m earlier treatises, yaws 
and syphilis have been compared many times, the points of resemblance 
or difference often being arranged m parallel columns Most of these 
points have been mentioned m the preceding paiagiaphs Because of a 
lack of large experience with yaws and with dermatologic diseases m 
geneial, I have probably made some mistal<es In this following sum- 
mary, I shall confine myself chiefly to a discussion of the pathologic 
anatomy and the histologic picture 

The primary lesions of yaws and of syphilis differ decidedly m their 
histologic features, according to the small amount of infoimation avail- 
able Final conclusions cannot be made until moie material is at hand 

The secondary lesions of acute florid yaws differ decidedly in then 
gross appeal ance from most secondary eiuptions of syphilis, though 
syphilis rarely causes lesions like those of yaws, and yaws is said 
sometimes to cause eiuptions like those of syphilis Histologically, 
typical lesions of yaws are characterized by the presence of spirochetes, 
chiefly among the epithelial cells, by marked proliferation of the epi- 
thelium downward, by the large number of leukocytes that penetrate 
the epideimis and by the slight amount of involvement of blood vessels 
Thus, the papules of yaws differ from most syphilitic lesions, but occa- 
sionally condyloma and some of the cutaneous lesions of syphilis may 
give fairly similar pictures 

Late ulcers of yaws and those of syphilis are so much alike that 
a diagnosis between them is frequently impossible It has sometimes 
seemed to me that m certain tropical regions similai conditions were 
likely to be called syphilis in the city and yaws m the countr}^ Such 
information as is available indicates that the differences m the histologic 
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picture are not marked enough to be decisive in many if not most cases 
However, further study must be made before a definite conclusion can 
be reached 

As to involvement of bone, it seems to me that it must be admitted 
that roentgenograms show that the bones are often affected in yaws and 
that the pictures are often like those seen in cases of syphilis As far 
as I can learn there has been little histologic study in these cases 
The evidence that has been presented to show that aneurysms of 
the aorta are caused by yaws appears to me to be unconvincing It is 
probable that the internal viscera in general are not involved in yaws, 
but the autopsy evidence is insufficient 

Both clinical and experimental work indicate that an attack of yaws 
confers considerable immunity against a second infection 

Also, clinical observations and laboratory experiments suggest that 
a certain amount of cross-immunity between yaws and syphilis may 
be produced, but the statements are somewhat conflicting Possibly 
some of the discrepancies seen in experiments on animals may be due 
to the use of infectious agents having different degrees of virulence 
or to the fact that the immunity tests were made later in some expen- 
ments than in others More work is urgently needed, preferably on 
monkeys, m my opinion, and in a tropical climate 

Opinions on the lelationship of yaws to syphilis differ widely 
Yaws has been called syphilis of the tropics and stone-age syphilis, 
syphilis and yaws have been called brother and sister as well as twins 
Castellani regarded them as wholly distinct infections, like tuberculosis 
and leprosy Butler expressed the belief that yaws is syphilis An 
ingenious theory was suggested recently in a monograph by Essed 
Syphilis was an old disease in Europe , yaws was imported into Europe 
from America by the sailors accompanying Columbus, it appaiently 
has disappeaied from Europe and has reappeared from time to time 
under various names , some endemic syphilis is really yaws 

More than forty years ago Hutchinson remarked that physicians 
practicing in the tropics almost alwajs consider yaws and syphilis to 
be different diseases I have discussed the matter with nearly fifty 
physicians in the islands, previously named, and my recollection is that 
almost wuthout exception they recognized differences betw^een yaw^s 
and s}’-philis , only a small number w’^ere noncommittal 

Apparently no one has lecorded having actually witnessed the trans- 
formation of 3faw'^s to syphilis or of syphilis to yaws in man Con- 
vincing evidence could hardly be secured except under the conditions 
of a laboratory experiment Endemic syphilis, as obsened by von 
During Pasha m Asia Minor, in an unusually degraded population 
resembles }aws in some particulars, but resemblance does not constitute 
identity There is abundant evidence to show that Negroes m the 
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tropics may have syphilis of the ordinary form (van den Branden and 
Dubois), except that tabes and dementia paralytica are usually said to 
be rare Probably all will agree that the spirochetes of yaws and syphilis 
originally had the same spirochete for an ancestor The evidence that 
is available gives me the impression that the spirochete of either yaws 
or syphilis has undergone a functional but not a morphologic mutation 
m some human host, giving rise to the othei infection, and that the 
resemblances between the two infections indicate that the new infection 
has evolved from the older one in comparativel}'^ recent times 
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Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
etc —William H Park, director of the bureau of laboratories of the health depart- 
ment of New York City since the establishment of the bureau m 1894, has been 
awarded the Roosevelt Medal for 1935 for “distinguished service in the administra- 
tion of public office’’ 

In Georgetown University, G J Brilmyer has been appointed professor, and 
I A Simpson and H V Connerty assistant professors, of pathology and 
parasitology 

The Trudeau kledal of the National Tuberculosis Association has been awarded 
to L U Gardner in recognition of his work on tuberculosis, particularly the 
relation between tuberculosis and silicosis 

Esmond R Long, director of the laboratory of the Henry Phipps Institute of 
the University of Pennsylvania, has been made director of the institute Charles 
J Hatfield, formerly director, will be associate director and chairman of the board 
of directors Henry R M Landis will have charge of the clinical and sociologic 
departments 

Marion Dorset, biochemist m the United States Department of Agriculture, well 
known for his work on serum against hog cholera and author of many contribu- 
tions of value to the livestock, meat and dairy industries and to public health, 
has died at the age of 63 

An oil portrait of Milton C Winternitz, who has retired from the deanship of 
the medical school of Yale University after fifteen > ears’ service, has been pre- 
sented to the school by the student body 

Oswald T Avery, of the hospital of the Rockefeller Institute for Medical 
Research, has received the honorary degree of LL D from McGill University 
Morns Rakieten has been appointed assistant professor of bacteriology m Long 
Island College of Medicine, Brooklyn 

Harry Goldblatt has been promoted to professor of e\penmental pathology in 
Western Reserve University, Cleveland 

Gustav Ruediger, formerly professor of pathology in the University of Nortli 
Dakota, director of the Hygienic Institute at LaSalle, 111 , and director of the 
hygienic laboratory of the University of Nevada, has died in Pasadena, Calif , of 
tuberculosis at the age of 59 

Sanford V Larkey, librarian and assistant professor of medical history and 
bibliography in the medical school of the University of California, has been 
appointed librarian of the Welch Medical Library of Johns Hopkins University, 
succeeding the late Fielding H Garrison 

Herbert S Gasser, professor of physiology in Cornell University Medical Col- 
lege, has been appointed director of the Rockefeller Institute for Medical Research 
to succeed Simon Flexner, who will retire 

Frederick F Russell has resigned as director of the International Health Divi- 
sion of the Rockefeller Foundation and will be succeeded by Wilbur A Sawyer, 
associate director Dr Russell will be lecturer on preventive medicine and hygiene 
at the Harvard University Medical School 



Abstracts from Current Literature 


Expenmental Pathology and Pathologic Physiology 

Parosmia in Tumorous Involtcment or the Olfactory Bulbs and Nerves 
H A Pas KIND, Arch Neurol & Psychiat 33 835, 1935 

A woman aged 45, three years after an operation for carcinoma of the breast, 
complained of headache, dizziness and reeling gait with a tendency to fall to the 
left In addition, she continuously smelled an unpleasant odor for two weeks and 
had left homonymous hemianopia for three daj's A carcinoma of the left cere- 
bellar lobe was diagnosed and removed Necropsy revealed carcinomatous masses 
throughout the central nervous system and viscera and, in addition, a carcino- 
matous nodule in each olfactor}^ bulb It also invaded the olfactory nerves, some 
of which were swollen or degenerated Paskind emphasizes the extreme rarity 
of continuous parosmia caused bj' a tumor of the olfactorj’^ tract He cites only 
three other instances, in which the disturbances of the sense of smell were due 
respective!} to carcinoma, meningioma and glioma involving the olfactory tractor 

. George B Hassin 

The "Metabolism of Isolated Surviving Tissues from Animals Rendered 
Hyperthyroid with Thyroxine D McEachern, Bull Johns Hopkins 
Hosp 56 145, 1935 

Representative tissues isolated from h}'perthj roid animals continue to show 
increased consumption of oxygen The increase in tissue respiration is only 
roughly proportional to the increase in total consumption of oxygen by the intact 
hyperthyroid animal The increase of tissue respiration is not so great as would 
be expected from the increase of metabolism in the intact animal The increase 
in the respiration of hyperthyroid tissue is not carried on by any new or abnormal 
respiratory mechanism in the cell An increase of tissue glycolysis is not the 
fundamental cause of the increased consumption of oxvgen Cyanide, fluoride 
and mono-iodo-acetic acid reduce the respiration of hjperthvroid tissues but do 
not affect the fundamental mechanism which makes an increased supply of oxjgen 
necessar}"^ to the organism Iodine, when added directly to the tissue, has no 
specific effect on the increased respiration due to hyperthyroidism Hepatic and 
renal tissues from hyperthyroid animals have no lessened capacity to oxidize 
various substrates (lactate, pyruvate, succinate) Hyperthyroid muscle has a 
greater capacity to oxidize these substrates than has normal muscle 

From the Author’s Conclusions 


The Testis Hormone C R Moore, JAMA 104 1405, 1935 

The principal sources of testicular hormone at present are the testicles of 
large mammals and human urine The hormone is obtained from the lipoid frac- 
tion and has been sufficiently purified to jield crystals of high potency It 
appears chemicalh to be a ketone-alcohol , the onlj’- known method of detecting 
its presence is by the reaction produced m suitable animals It is secreted con- 
tinuously (or periodical!}) in different animals, and the secretion is largely under 
the control of the pituitary gland It is uncertain whether more than one hor- 
mone is selected by the testis Its clinical use is questionable, its primary func- 
tion is the control of the accessory reproductive organs, it is not a testicular 
stimulant From the Author’s Summary 
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Acute Experimentai Stomatitis in Dogs with Liucopema D K Miiier 
and C P Rhoads, J Exper Med 61 173, 1935 

An ulcerative stomatitis associated with leukopenia and granulopenia can be 
jnduced in dogs by means of a diet causing iilack tongue The decrease in the 
number of circulating leukocytes is due to a suppression of the maturation of 
the erythropoietic elements of the bone marrow Ihe changes as a wnole have 
a resemblance to those occurring m human beings with acute agranulocytosis 

From the Authors’ Summarv 


Pathologic Anatomy 

Reaction or Pulmonarv Tissue to Lipiodol R D Wright, Am J Path 
11 497, 1935 

The reaction to iodized poppy-seed oil 40 per cent retained for long periods in 
the bronchi is the development of hpophages from the supporting connective tissues 
No epitlielial reaction occurs From the Author’s Summarv 

Infarction of the Liver I J Pass, Am J Path 11 503, 1935 

A review of the literature on infarction of the liver with a report of two 
additional cases is given From the Author's Summary 


Basophilic Degeneration of the Heart Muscle M E Haumeder, Am J 
Path 11 535, 1935 

A peculiar lesion of the heart muscle is described under the term "basophilic 
degeneration ’’ The most frequent sites of the lesion were the septum, the left 
ventricle and a combination of the septum and the left ventricle Staining reactions 
showed that the areas contained mucin as well as a component related to glycogen 
Hematoxylin and eosm was the most valuable stain because it clearly differentiated 
the areas of basophilic degeneration From the Author’s Summary 


Heart Block Due to Calcareous Lesions of the Bundles or His W M 
Yater and V H Cornell, Ann Int Med 8 777, 1935 

Of the forty-seven cases of complete heart block authentically reported m the 
literature nine were due to fibrocalcareous or calcareous lesions of the bundles of 
His Such calcium depositions were commonly seen at the base of the aortic 
(anterior) leaflet of the mitral valve, extending out into the membranous portion of 
the interventricular septum They occurred late in life — no cases in persons below 
the age of 50 , five instances in those m the eighth decade of life All the patients 
had Adams-Stokes attacks Sclerosis of the coronary arteries did not parallel 
the local lesion nor was there evidence of fibrosis of the myocardium except in 
two instances By serial sections the authors demonstrated that a bar of calcium 
deposit in the usual location in the heart of an army officer who also had a syphilitic 
aneurysm of the aorta actually replaced or invaded all of the bundle of His It 
was concluded that such deposition of calcium is due to stress and strain, since 
the mam mass of the heart hangs from the area of the membranous septum The 
bundle of His above and below the point of injury was found to be normal, demon- 
strating the non-nervous structure of this sjstem ^ 
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The Cellular Reactions to Acetone-Soluble Fat from Mycobacteria and 
Streptococci K C Smithburn and F R Sabin, J Exper Med 61 771, 
1935 

The acetone-soluble fat of tubercle bacilh, when injected into normal animals, 
produces a profound cellular reaction The reaction involves every type of connec- 
tive tissue cell Hemorrhage and formation of adhesions and of tuberculous tissue 
occur The extent of the reaction is roughlj'' proportional to the amount of material 
injected The reaction induced by the lipoid is much less extensive and much 
simpler when the material is neutralized with alkali Neutralization of the acetone- 
soluble fat, or of phthioic acid, does not dimmish the tuberculogenic property 
Acetone-soluble fat from streptococci is likewise extremely irritating but does not 
produce tuberculous tissue From the Authors’ Summary 


Rupture or the Renal Pelvis Benjamin S Abeshouse, Surg , Gynec & Obst 
60 710, 1935 

From a review of 64 cases from the literature and three from his own records 
Abeshouse concludes that rupture of the renal pelvis proper, traumatic or spon- 
taneous, IS relatively rare Traumatic rupture is usual!}’’ linear and radial The 
external trauma may vary from a crushing injury to an indirect blow Spontaneous 
rupture nearly always occurs m a kidney already the seat of chronic pyelonephritis 
or m one the pelvis of which is dilated from obstruction lower down Rupture is 
the result of sudden or gradual increase in the back pressure caused bv obstruction 
Perforation of the pelvis from necrosis due to an impacted calculus is also frequent 
An already weakened pelvis may be ruptured by instruments or from increased 
pressure during employment of the S 3 minge method of pyelograpln Perforation 
has followed the injection of a strong alkali by mistake during pyelography or 
renal lavage Warren C Hunter 

Fibrinous Balls in the Urinary Bladder F P Weber, J Path & Bact 
40 351, 1935 

In a man with a malignant renal tumor the urinary bladder after death con- 
tained four fibrinous balls, the largest about the size of a hen’s egg Apparently 
the fibrin was deposited from the urine, perhaps around fragments from the tumor 
of the left kidney 


Simple Superficial Esophageal Cast T C Patterson, J Path & Bact 
40 559, 1935 

Exfoliation of the epidermal lining of the gullet occurs during health, neither 
infection nor caustic action being causally related There is usually a history of 
some earlier mild trauma such as the continued abuse of alcohol, especially strong 
spirits, the swallowing of hot drinks, the taking of acrid food or the bolting of 
large mouthfuls Almor injuries due to foreign bodies are also recorded Pre- 
existing cardiospasm and dilatation har^e sometimes been suspected, largely on the 
grounds of a history of dysphagia and some apparent obstruction to the passage 
of food, coupled with the fact that the esophagus had a greater than normal 
diameter But this may easily have been the result of stretching of the flimsy 
tissue during slow spasmodic extrustion Except in Memmi’s case the histones 
contain little evidence of actual dilatation In none of the cases is there any indica- 
tion of syphilitic taint The patients suffer only moderate and temporary discomfort 
and practically no shock The extruded material consists only of the epidermal 
lining of the gullet, the separation occurring m the subepithehal zone, leaving the 
deeper parts everywhere intact The cast is clean, uniformly grayish white, parch- 
ment-hke and quite free from the foul, discolored, sloughv appearance and deep 
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penetration seen in eorrosne poisoning and phlegmonous esophagitis Complete 
and rapid reco^ery ensues There is an entire absence of any tendency toward 
stenosis as a sequela ^''■ery soon after the c\cnt the passige appears normal on 
direct esophagoscopj New firm epithelium forms pan passu with the gradual 
separation of the cast In Reiehmann’s case the forcible application of a metal 
sound to oeercome the obstruction had no ill effect Le Comte ga\e emetics with 
impunit\ So slight is the upset that little treatment is necessary bejond judicious 
resting of the part and temporary restriction to bland fluid nourishment As a 
counsel of perfection, rectal feeding has sometimes been carried out for a few 
dajs A peculiar exfohatue tendency seems to be present m certain of the cases 
In three cases casts were produced on more than one occasion , and in one of 
these there was a previous history of severe general eczema The latter ease is 
possibly analogous to that described by Shgh (1893-1894) m which a man of 36 
gave a historv of having been taken ill ev^cry year since infanc}’’ with shedding of 
the epidermis from the entire surface of the body including the finger-nails and 
toe-nails In a few days the exposed new, soft, tender skin became sound and 


the man could resume work 


From thl Auriioii’s Concfusions 


Microbiology and Parasitology 

Tun ViRcs 01 Inguinal Lvmpiiogranuioma J 1 Tamlra, J Lab & Clin 
Med 20 393, 1935 

When pus from Ijmphogranuloma inguinale is planted m the medium dev'iscd 
bj Maitland and his co-workers (Bui J E\t>ct Path 13 90, 1932) for the culti- 
vation of vaccinia virus the medium becomes cloud> The agent producing the 
cloudiness is transmissible in serial cultures, or serial cultures alternating with 
guinea-pig inoculations This agent whether in the pus or in the cloudy supernatant 
culture fluid passes the Berkefeld N filter The virus is stainable by Hosokavva’s 
eosm-Giemsa method The heated cultures have been used successfully in making 
diagnoses by the intradcrmal skin test and in inducing recoveries through sub- 
cutaneous inoculations Also heated cultures have been used to produce antiserum 
Although one can draw no definite conclusions from the few cases m which treat- 
ment with the antiserum has been studied the results justify further trial of serum 

therapy From thf Author’s Summary 

A New Virus Causing Lvmphocvtic Meningitis C Armstrong and J G 
WooLEv, Pub Health Rep 50 537, 1935 

The isolation of three similar strains of a nevvlj’’ described vnrus is reported 
Spontaneous infection among stock monkeys has been demonstrated by the isola- 
tion of the virus from a nonmoculated monkey and by the demonstration of specific 
antibodies m the serums of 5 of 44 such animals The possibility that the virus 
may affect man is suggested since two of the recovered strains are possibly of 
human origin The ready and even spontaneous infection of monkeys with the 
virus, together with the fact that human serums (3 from 166) possessing potent 
specific antibodies for the virus have been encountered, points m the same direction 
As previously noted, the disease in monkeys resembles the human ailment desig- 
nated as lymphocytic or aseptic meningitis, and serum collected from a person 
eleven months after a clinical attack of this disease gave strong protection against 
strains of the CNperimental virus The finding of immunity in the serum of an 
exposed person giving no history suggesting this disease, however, indicates that 
immunity may develop m the absence of symptoms indicating involvement of the 
central nervous system p-^^M tup Authors’ Summary 
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bUBFREEZING TEMPERATURES IN PRESERVING MENINGOCOCCI A M PaBST, Pub 

Health Rep 50 732, 1935 

Ten chosen strains of meningococci have been stored in neutral glycerin at 
— 15 C for two years with no apparent change in viability, morphology or sero- 
logic and biochemical characteristics Two hundred and twenty-three strains have 
been stored at this temperature on dextrose agar slants both with and without 
glycerin, with no appreciable loss of viability in the eight months during which 
they have been under observation Fkoji the Author’s Summary 

The Growth of Psittacosis Virus in Tissue Cultures J O W Bland and 
R G Canti, J Path & Bact 40 231, 1935 

The virus of psittacosis was grown in cultures of embryonic chicken tissue It 
infects both epithelial cells and fibroblasts A description is given of the appearance 
of the intracellular colonies at various stages of their development (n) m prepara- 
tions stained by Giemsa’s method, (b) in living cultures examined by dark-ground 
illumination and by transmitted light, and (c) in quick-motion cinematograph films 
This study confirms the existence of a developmental cycle in the virus of psittacosis 
as previously described From the Authors’ Summary 


Psittacosis in the Developing Egg F M Burnet and P M Rountree, J 
Path & Bact 40 471, 1935 

Psittacosis virus derived from Australian parrots is readily propagated in 
the developing egg Large amounts of virus develop by infection of cells of the 
ectodermal epithelium, and a characteristic lesion develops No infection of the 
embryo proper takes place, and the lesions of the egg membrane are as a rule 
lapidly resolved after the third or fourth day The developmental changes m the 
appearance of the virus bodies described by Bedson and Bland can be well 
observed in impression preparations from infected egg membrane 

From the Authors’ SuMMAR'i 


Tuberculous Meningitis in Children J W S Blacklock and M A Griffin, 
J Path & Bact 40 489, 1935 

Tuberculous meningitis is the most frequent form of meningitis m childhood 
and accounts for more deaths than all other forms of tuberculosis together The 
primary site of infection m a series of 241 patients under 13 years was most 
frequentl} thoracic (73 9 per cent), then, in order, abdominal (22 8 per cent), 
cervical glandular (2 1 per cent) and unknown (1 2 per cent) There was little 
difference m the distribution according to sex, though meningitis following a 
primary thoracic lesion was slightly more frequent m girls, and that following 
primary abdominal tuberculosis was commoner in boys Of the total number of 
patients 85 5 per cent were under 6 years of age The incidence was highest m 
the late spring and early summer months The frequent association of tuberculous 
meningitis and general miliarv tuberculosis is discussed, either lesion alone is 
uncommon The methods used for isolating and typing tubercle bacilli from the 
cerebrospinal fluid are described Human strains were easier to isolate directly by 
culture than bovine In one case of infection with a human strain the inoculated 
guinea-pig gave a negative result whereas the cultures were positive From a 
clinical series of cases of cerebral tuberculosis 72 strains were isolated, of which 
181 per cent were bovine, and from the primary lesions in an autopsy series 114 
strains were obtained, of which 24 6 per cent were bovine The highest percentage 
of boMiie strains occurred m children in the third year of life in both series The 
total percentage of bovine strains obtained for meningitis from both the aforenamed 
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series was 22 5 and for all forms of cerebral tuberculosis 22 This figure is com- 
pared with that found by other workers both in this country and abroad A higher 
percentage of bovine infections was noted in country than in city children and a 
probable reason for this is given Meningitis following primary thoracic lesions 
was nearlj' always due to the human type of bacillus, and that following primary 
abdominal lesions was usually due to the bovine type From 3 cases of meningitis 
with the primary lesions verified at autopsy bovine strains were isolated A case 
IS described in which tubercle bacilli were isolated during life from the cerebro- 
spinal fluid and in which tuberculomas were found post mortem but no meningitis 
The bearing of this on the reported recoveries from tuberculous meningitis is 
discussed From the Authors’ Summary 


The Immature Rabbit as an ExprRiMENTAE Urinary and Faecal Tvphoid 
Carrier Effect of Hexaaiine Treatment M Coplans, J Path & Bact 
40 521, 1935 

By the passage of a laboratory stock culture of Bacillus typhosus through a 
senes of rabbits a strain of organisms was isolated which on intravenous injection 
proved pathogenic in immature rabbits, setting up fecal and urinary earner con- 
ditions in a considerable proportion within the limits of the experiment (sixty- 
three days) All the twenty-seven controls proved to be infective on postmortem 
examination An equal number of immature animals that were similarly inoculated 
were subsequently treated by oral administration of methenamine and the proportion 
of carriers, both urinary and fecal, was greatly reduced, no pathogenic organisms 
being isolated from those which survived the fifteenth to the sixty-third days 
Another strain of the organism which after passage was eventually isolated from 
the feces of a rabbit was utilized for contaminating the green food of immature 
rabbits which were otherwise being normally fed In two of ten animals so fed 
the organisms were excreted in the feces From the Author’s Summary 


The Syphilitic Virus W Nyka, Ann Inst Pasteur 53 243, 1934 

The agent of syphilis has two distinct morphologic aspects the usual spirochete 
and a filamentous form, between which are a variety of other forms The trans- 
mission of syphilis by the spirochetal form is transitory , the characteristic struc- 
tural changes of the disease are due to the filamentous form The spirochetal form 
is cytotropic and multiplies either m the cytoplasm or m the nucleus, in which 
the transition to the filamentous form occurs, although the transition occasionally 
occurs outside of the cell Filaments multiply by transverse fission The resulting 
fragments may develop as spirochetes Multiplication within the cells destroys 
the latter Hepatic cells and fibroblasts are only slightly susceptible, whereas 
lymphatic cells and nerve cells are quite susceptible The filamentous form has 
heretofore been overlooked because of its weak staining properties 

From the Author’s Conclusions 


Mixed Streptococcodiphtheritic Ineection G Ramon and M Djourichitch, 
Ann Inst Pasteur 53 325, 1934 

By using guinea-pigs of standard weight and a virulent strain of the diphtheria 
bacillus mixed with streptococci or other organisms various data were secured 
Certain hemolytic streptococci permitted death of animals with smaller amounts of 
emulsion of the diphtheria bacillus than killed control animals Animals with 
anatoxin (toxoid) uniformly survived mixed injections Animals given broth with 
diphtheria bacilli showed no effect, but streptococcus filtrates, as well as killed 
organisms, increased the mortality The effect occurred only when mixtures were 
inoculated at the same site Serial transfers in animals resulted neither in enhanced 
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virulence of the mixture nor m virulence or tovigenicit> of the diphtheria bacillus 
used The authors believe that the action is nonspecific, and that a similar stimu- 
lation accounts for the gravity of such mixed infections in man 

M S Marshall 


S Nicoiau and L Kopciowska, Ann Inst 


Morphogenesis or Negri Bodies 
Pasteur 53 418, 1934 

In a pievious report (Coiiipt icnd Soc dc btol 115 262, 1934) the authors 
considered the dispersion of rabies virus m the nervous sj'^stem In the present 
report (figs 1-22, colored) they consider the development of Negri bodies, typical 
on the seventh day, m the neurons of the spinal ganglions of rabbits inoculated 
in the sciatic nerve with street virus Tlie general morphogenesis is pictured 
as an orientation and flocculation of Nissl bodies The authors picture the forma- 
tion of Negri bodies as a defense reaction on the part of certain cells having 
exterior contacts, cells not so situated and functional]} unable to cope with the 
virus de\elop no Negri bodies and are disintegrated g JvIarshall 


Incllsion Bodies in Yellow Fever S Nicolau, L Kopciowskv and M 
Mathis, Ann Inst Pasteur 53 455, 1934 

T}pical nuclear inclusion bodies were invariably noted m the neurons of the 
spinal ganglions of monkeys infected bv cerebral, intrapentoneal or mosquito-bite 
injections A majority of sections from the livers of twenty-two infected human 
beings also showed characteristic inclusions In all mice as well as in guinea-pigs 
d\mg after subdural inoculation with the yellow fever virus the nerve cells of the 
neural axis contained inclusion bodies These bodies were also found, more irregu- 
larly, m infected rabbits The bodies appeared as oxyphilic corpuscles, sometimes 
surrounded bv halos, from 1 to 3 or 4 microns in diameter, witli no internal 
structure, in a rarefied karyoplasm which retained its normal tinctorial properties 
(color plate, 36 figs ) g Marshall 


Tissle Cultures in Tvphus Feier A A Kroxtowskt et al, Ann Inst 
Pasteur 53 654, 1934 

Successful efforts vere made to grow two laboratory strains of the virus of 
typhus fever on living tissue Leukocytes from healthy guinea-pigs were tried 
also bits of Descemet’s membrane from the eye, and a layer of cells from an 
exudate experimentallv produced in the peritoneal cavity of a healthy guinea-pig 
Inoculations were made with plasma of the blood of infected guinea-pigs, treated 
with heparin and rapidly centrifugated The infective properties of culture 
originally too weak to infect were demonstrated g Marshall 


The Problem or the Bacterial Nucleus C C Lindegren, Zentralbl f Bakt 
(Abt 2) 92 41, 1935 

Referring again to the various kinds of protoplasmic structures suggested as 
possible for bacteria, it is not possible to have a bacterial cell without a nucleus 
because that would mean that there were no genes Life without genes is impos- 
sible A diffuse nucleus is also impossible The problem of the protoplasmic 
structure of bacteria therefore resolves itself into that of whether bacterial proto- 
plasm IS totally different from that present in any other kind of living form at 
present known or whether it is possible to demonstrate the presence of nuclear 
Structure within it either b}^ c\tologic or by genetic technic 

From the Author’s Sumaiary 
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Immunology 

HnMOL\Tic Antibodii s roR SiiniP and Ox Eu\throc\ rns in iNrccrious IMono- 
NUCIEOSIS G H Baiifa and S Raiffi, J Clm Im estigation 14 228, 1935 

Bailey and Raffel found a marked increase of hemoh sin for ox red blood cells 
in three cases of infectious mononucleosis in addition to a high titer of agglutinins 
and hemolysins for sheep red cells The agglutinin for ox cells was distinctly 
elevated onlj'' in one of the cases, slightly in the second, and not at all in the third 
The antibodies for the sheep as well as for the ox cells were easih removed by 
boiled and raw red blood cells of the sheep and ox, by those of the latter even more 
thoroughly than bv those of the former A large variety of other known carriers 
of the Forssraan type of heterophilic antigens failed to absorb the antibodies from 
the serum of patients with infectious mononucleosis, with the exception of the 
kidney of the horse and of one strain of Clostridium Welchii But even the latter 
two antigens did not absorb as regularly and as effectivelv as did the red cells 
of the sheep and of the ox From that, the authors conclude that the antibodies 
in infectious mononucleosis are not heterophilic, or Forssnian, antibodies They 
suggest that after a determination of agglutinins for sheep icd cells the serum be 
absorbed with ox red cells boiled The removal of the antibodies for sheep red 
cells will indicate the presence of infectious mononucleosis j Damdsohn 


The Relation Between the Tvpf Specific C\uBOH\nR\TLS or Pnfumococci 
and the Blood Group Spicific Substance A E Witebskt, E Nlter and 
H SoBOTKA, J Exper kled 61 703, 1935 


A relationship between the soluble specific substances of Pneumococcus and the 
blood group substance A of man can be demonstrated by the former’s inhibition 
of sheep cell hemolysis bv a group-specific A antiserum However, there are 
quantitative differences between the various types A striking difference exists 
between the acetyl and the deacetylated polysaccharide of Pneumococcus type I , 
the deacetylated carbohydrate fails to react with the group-specific A antiserum 
while the acetyl carbohydrate shows a strong reactivity The minimum amount 
of the acetyl polysaccharide which inhibits sheep cell hemolysis by A antiserum 
IS almost as small as that of the group-specific carbohydrate isolated by Freuden- 
berg and Eichel from urines of group A The reactivity of the acetyl poly- 
saccharide can be demonstrated not only bv this inhibition of hemolysis test, but 
also by complement fixation and by inhibition of group-specific iso-agglutination 
Fecal filtrates which possess the ability to destroy the blood group specific sub- 
stances A and B of man also affect the acetyl polvsacchande of Pneumococcus 
type I After incubation with an effective filtrate of feces the acetyl polysaccharide 
almost completely loses its potency toward the group-specific A antiserum and also 
its ability to inhibit the iso-agglutination of A blood cells The acetyl poly- 
saccharide of Pneumococcus type I that has lost its reactivity toward the group- 
specific A antiserum after treatment with a filtrate of feces still reacts with a 
type I pneumococcic antiserum that has been previously absorbed with the 
deacetylated polysaccharide of type I Thus, the essential effect of a filtrate of 
feces on the acetyl polysaccharide of type I is not the cleavage of the acetyl group 
but some other chemical alteration Authors’ Su.imarv 


Thermostabile Bactericidal Substance in Human Serum F Wulfe T 
Immunol 27 451, 1934 ’ 

A thermostabile bactericidal substance has been demonstrated to occur in human 
serum, especially during fever , its effect was particularly'- seen m tests with 
meningococci of a strain highly susceptible to the bactericidal substances of serum 
The thermostabile bactericidal substance was found besides in a few other cases 
namely, in tests with two other strains of meningococci, with three strains of 
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Pfeiffer bacilli, and with a strain of Diplococcus crassus — in this case in almost 
the same frequency as with the highly susceptible strain of meningococci In tests 
with meningococci of the highly susceptible strain the thermostabile substance was 
demonstrable in 85 per cent of the febrile patients examined, one-fourth showing 
a marked action The thermostabile substance could not be demonstrated in 90 
per cent of the nonfebrile patients Injection of sulphur in olive oil seems to 
stimulate the organism to produce a thermostabile bactericidal substance An 
increase of the bactericidal substances m active serum was found m tests with a 
strain of Diplococcus, a phenomenon which is probably elicited only under quite 
special conditions The thermostabile bactericidal substance seems to keep well in 
vitro It possesses an enzyme property since it did not become fixed in absorption 
tests with the strain of meningococci which were killed by it 

From the Author’s Summary 


Examination of the Blood Qualities M and N H Elbel, Deutsche Ztschr 
f d ges gerichtl Med 24 242, 1935 

One of the great difficulties connected with the preparation of anti-M and 
anti-N immune serums is the variability of the agglutinogens in the blood cells of 
different persons whose blood is employed for the absorption of anti-A and anti-B 
iso-agglutinms from the immune serums prepared in rabbits Lattes suggested 
recently the use of boiled '■ed blood cells The cells are washed, and a fairlj' thin 
suspension is prepared and added drop by drop to a boiling physiologic solution of 
sodium chloride Elbel tried the use of boiled red blood cells and found that while 
the agglutmogenic properties were considerably and regularly reduced the dis- 
advantage was offset by a number of advantages (o) A batch of blood with the 
same agglutmogenic properties can be kept for a long period, {b) the blood cells 
remaining from specimens used for the Wassermann test can be sterilized and 
used, (c) the absorbed serum is not discolored j Davidsohn 


Heterophilic Antibodies in Glandular Fever (Infectious Mononucleosis) 
L Meijler and R J Siemelink, Nederl tijdschr v geneesk 28 1952, 1934 

The test for heterophilic antibodies described by Paul and Bunnell established 
the diagnosis of infectious mononucleosis in 5 cases A sixth case, m which the 
titer was 1 16 (by the first method of Davidsohn) is included by Meijler and 
Siemelink, although they assume that, to be diagnostic, the titer has to be 1 32 
The first case, in the early course, had to be differentiated from appendicitis and 
later from acute leukemia A rash and hemorrhages in the skin were also notable 
features Another case was marked by abdominal findings and diarrhea The 
serums of 400 patients with various diseases were studied as controls The highest 
titer was 1 8 if one excepts the titers of 4 patients who had received injections 
of horse serum and 2 patients (1 with jaundice and 1 with a subacute leukemic 
myelosis) whose elevated titers of heterophilic antibodies could not be explained 

I Davidsohn 


Tumors 

Carcinomatous Endarteritis of Pulmonary Vessels Resulting in Failure 
OF Right Ventricle Edward B Greenspan, Arch Int Med 54 625, 1934 

Four cases of carcinoma in the lymph vessels of the lung are reported, m three 
of which the condition was secondary to scirrhous carcinoma of the stomach, 
and in one, secondary to adenocarcinoma of the sigmoid The four patients pre- 
sented symptoms of cough, tachypnea and cyanosis with inconspicuous physical 
signs The cases m which the involvement of the pulmonary lymph vessels was 
secondarj’- to gastric carcinoma presented diffuse obliterative endarteritis of many 



ABSTRACTS FROM CURRENT LlTERAl URE 


641 


pulmonary arterioles and small arteries, due chieflj to the influence of the 
carcinomatous growth in the neighboring perivascular lymphatics, rarely to carci- 
nomatous emboli In two of the cases, failure of the right ventricle of the heart was 
the direct result of the diffuse obliterative changes in the pulmonary ressels In cases 
of right ventricular cardiac failure presenting no significant pulmonary or cardiac 
findings, the possibility of a diffuse secondary carcinoma in the lymph vessels of 
the lungs with accompanying obliterative endarteritis should be considered 

Froji the Author’s Summary 


A Virus-Induced Mammalian Grouth mitii the Characters or a Tumor 

(the Shore Rabbit Papilloma) P Rous and J W Bfard, J Exper Med 
60 701, 723 and 741, 1934 

Gioivfh on Implantation Within FayoiaWeHor/^— Rabbit papillomas developing 
on the skin as the result of virus inoculations can be readily transferred to the 
inner organs of favorable hosts b}'’ implanting bits of the living tissue The growths 
thus produced proliferate activeh', as a rule, and frequently cause death Often 
they are markedly invasive and destructive, and they tend to recur after excision 
Bacterial infection niav greatly enhance their malignancy Accidental dissemina- 
tion may occur during operation, and distribution to the peritoneal surface has 
been repeatedly noted There may be no cellular reaction about the invading 
epithelium of interior growths, but usually some new formation of connective 
tissue takes place, its amount varving inversely with the rate of epithelial pro- 
liferation An immediate reason for the inflammatory changes and scarring found 
beneath long-established skin papillomas exists in the trauma and secondary infec- 
tion to which the projecting, necrotizing masses have been subjected In animals 
dying of progressively enlarging interior growths the skin papillomas may long 
have been stationary in size The growths appearing after the transfer of papil- 
lomatous tissue to the inner organs are due to the survival and multiplication of 
the transplanted cells However, the virus can be readily recovered from them, 
m the case of wild rabbits No distinctive changes in the blood of the host have 
been found The virus itself is highly specific for the epithelium of the skin, 
failing to act not only on that of the other organs thus far tested but even on 
embryonic skin The papilloma frequently penetrates into the blood and lymph 
vessels, especially at the edge of an implantation growth The intravascular injec- 
tion of fragments of it sometimes results in pulmonary nodules of characteristic 
morphology These are due to survival and proliferation of the injected cells 
Secondary nodules have been encountered at autopsy in a lymph gland and in 
the lungs, but under conditions more suggestive of operative dissemination of 
the growth than of true metastasis Implantation growths of the papilloma m 
favorable hosts have the morphology of epidermoid tumors of greater or less 
malignancy They behave as these do and elicit similar changes in the surrounding 
tissue 

Expenmental AUetations of the Giozvth on the Skin — The injection of scarlet 
red into the skin about rabbit papillomas resulting from virus inoculations causes 
them to invade the underlying tissue and form large fleshy masses beneath the 
surface Histologically these appear malignant, and they frequently invade the 
blood vessels Covering young papillomas with a laver of collodion causes them 
to burrow downward, which results m discoid masses that enlarge progressively 
by expansive growth beneath the epidermis and by invasion Such masses, like 
the nodules resulting from implantation, have the papillae turned toward their 
interior, the apparent reverse of what occurs when the growth is situated on the 
skin surface The reasons for this are analyzed The peculiarities of the host 
influence skin papillomas not a little, as is plain from the forms they assume , 
but ^e epithelial changes induced by the virus take a single direction, and no 
significant variations from tjpe have been encountered Local or generalized 
retrogression of the experimentally induced papilloma is not uncommon The 
histologic alterations that take place are identical with those attending retrogression 
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of the epidermoid tumors and the reactive changes taking place in the surrounding 
tissue are also like those about such tumors The slowing and cessation of growth 
that occur secondarily in virus-induced skin papillomas are associated with the 
formation under them of a dense layer of connective tissue, and to this their 
behavior is attributable Similar findings have often been recorded for tumors, 
notably for the epidermoid cancers produced in rabbits bv tarring 

Finthei CliaiactcTS of the Giorvth, Gcneial Discussion — Experimental study of 
the rabbit papilloma of Shope, a growth caused by a virus, has shown that it 
possesses the immediate characters whereby tumors are recognized Often it looks 
and acts like a malignant neoplasm It differs from the tumors as a group, 
however, m its incidence, which is that of an infectious process, and from other 
mammalian tumors m that its cause has been demonstrated The possible bearing 
of the findings on the problem of tumor causation is discussed The morphology 
and behavior of the generality of tumors can no longer be taken to exclude the 
possibility that these are produced by extraneous, living entities The incidence of 
some of the tumors, at least, and the failure to demonstrate their cause can both 
be explained on the assumption that they are due to such entities widely dis- 
tributed in or on the animal population but effective only under special circum- 
stances Present knowledge makes this assumption reasonable as a basis for 


further work 


From the Authors’ Summaries 


Gelatinous Carcinoma of the Breast B J Lee, H Hauser and G T Pack, 
Surg, Gynec & Obst 59 841, 1934 

Gelatinous (colloid) carcinoma occurs in many organs which normally secrete 
mucus Of the cancers of the breast this form constitutes from 1 to 2 per cent 
Two forms are recognized (a) the primary gelatinous form in which the gelatinous 
features predominate and (6) ordinary carcinoma with secondary gelatinous degen- 
eration The latter may be termed myxoid or mucoid carcinoma depending on 
whether the gelatinous changes arise by metaplasia m the connective tissue or by 
secretion directly from the carcinoma cells Of the two origins for the gelatinous 
material, the latter is the more common This form of carcinoma is usually slower 
m growth than ordinary carcinoma, and one of the reasons is that the tumor often 
arises on the basis of a preexisting benign mammary adenoma In the thirty cases 
studied no essential differences were observed in age, sex, race distribution, history 
of lactation and trauma between gelatinous carcinoma and ordinary carcinoma 
Metastases occur comparatively late, are commonly confined to the axillary nodes 
and do not necessarily show gelatinous changes The end-results of the writers’ 
cases indicate an appreciably higher percentage of cures than with other forms 
of cancer of the breast 

From the Authors’ Summary (Warren C Hunter) 


Experimental Bone Sarcoma A Brunschwig and P H Harmon, Surg, 
Gynec & Obst 60 30, 1935 

A transplantable rat sarcoma originating m the abdominal wall, the cells of 
which do not exhibit osteogenic properties, was inoculated into the medullary 
cavity and beneath the periosteum of long bones The tumor penetrated the cortex, 
elevated the periosteum and caused it to lay down new bone in the form of 
radiating trabeculae within the tumor Evidence is presented to show that all of 
the new bone in the tumor was periosteal in origin and not the result of osteo- 
blastic properties acquired by the tumor cells from implantation within bone In 
man elevation of the periosteum by osteogenic sarcoma may be an important con- 
tributing factor to the formation of new bone even though the tumor cells them- 
selves have osteogenic properties The mode of new bone formation in Ewing’s 
sarcoma is quite analogous to that in the experimental tumors described here 

From the Authors’ Summary (Warren C Hunter) 



iBSTRACTS IROM CURRENl LITERATURE 


643 


Growth-Proi^ioting ^ND GROWTii-lNiiiniTiNG PROP^Rn^s IN Blood or Mice 
Resistant to a Tar-Sarcoma F C P^hus and E \V Miliir, Bnt J 
Exper Path 15 207, 1934 

A difference has been found to exist between mice naturally immune to tar 
sarcoma NTs and mice resistant to this tumor as regards certain properties of 
their serum and plasma When the immune mice have received three inoculations 
of NT-! their serum and plasma do not inhibit the growth of this tumor m vitro 
but, on the contrary, definitely stimulate it , the scrum and plasma of the resistant 
mice do not alwais have this stimulating effect but may occasionally inhibit the 
gronth slightly A similar difference has been found to exist between immune and 
resistant mice which have received eight inoculations each, but it is less definite 
than after three inoculations The serum from resistant mice which have received 
three inoculations of NTi definitelv stimulates the growth of c63 in vitro, and 
slightly stimulates the growth of normal mouse heart The serum from immune 
mice which have received three inoculations does not affect the growth in vitro 
of normal mouse heart No adverse effect on the growth of NTi in vitro is 
shown by the serum or plasma of mice which have once been inoculated with NTa 
and m which the tumors are actively growing, or are regressing, or have com- 
pletely regressed In the first two cases growth is, if anything, slightly stimulated 
Certain objections to the present method of investigation are discussed, and com- 
parisons are drawn between conditions in vivo and m vitro 

From the Authors’ Summary 


Injury in the Genesis of Tumours or the Gonahs R A Wheis, Bnt J 
Exper Path 15 234, 1934 

In the experiments recorded, 107 rats (82 males and 25 females) were used 
In the different groups the animals were of different ages from 2 months up to 
middle adult age The testes and ovaries were subjected to a great variety of 
traumatic and chemical injuries, and the animals were kept for from tw'enty-five 
to thirtj-five weeks thereafter The changes observed m the damaged organs w^ere 
those of necrosis and its sequelae, no tumors appeared These experiments, then, 
so far as they go, afford no evidence that local injury is capable of evoking neoplasia 
m gonadal tissue While a larger series of experiments on a variety of mammals 
IS desirable, the result obtained in this investigation at least serves to strengthen 
the suspicion that injury and inflammatory processes play no more than a coinci- 
dental part in the histones of testicular or ovarian tumors 

From the Author’s Summary 


Cancer or Skin and Increase in Incidence or Primarv Tumours or Lung 
IN Mice Exposed to Dust Obtained from Iarred Roads J A Campbeee, 
Bnt J Exper Path 15 287, 1934 

Mice were repeatedly exposed to dust containing about 2 per cent tar obtained 
by sweepings from tarred roads Cancer of the skin developed in 70 per cent of 
those surviving long enough The incidence of primary adenoma of the lung was 
increased to ten times that of the controls , the lungs of the dusted mice contained 
much dust The breathing of carbon monoxide, if anything, retarded the effects 
of dusting The bearing of this research on the debated increase in tumors of 
the human lung cannot be assessed at present The mice were exposed to much 
more excessive dusting than occurs with man Cleanliness prevents cancer of the 
skin in man, and the natural mechanism for removal of dusts from the healthy 
lung may suffice for the small amounts of dust inhaled There is the further 
question whether these tumors of mice may be compared with those of the human 
lung The experiment with mice is to be repeated, and attempts will be made to 
transplant some of the tumors, the effects of dust, with the tar products removed, 
will also be studied ^ . 

uROM THE Author’s Summary 
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The Production of Tumours in Fowl with a Colloidal Solution of 1 2 
5 6-Dibenzanthracene I Berenblum and L P Kendal, Bnt J Exper 
Path 15 366, 1934 

Repeated injections of a 0 007 per cent colloidal solution of dibenzanthracene in 
water into the breast muscle led to the production of spindle-cell sarcoma m eight 
of twelve birds which survived more than twelve weeks The total amount of 
dibenzanthracene injected was about 1 8 mg Secondary deposits were found in 
three birds Five of these tumors were transplanted into other birds, and two 
of them grew successfully In one of these inoculated birds metastases were present 
in the lungs The administration of kieselguhr together with colloidal dibenzan- 
thracene did not appear to influence significantly the development of the tumors 
Eighteen months after intramuscular injections of 0 6 mg of dibenzanthracene, 
none of the substance could be detected in the muscle about the site of injection 

Authors’ Summari 

Ihe Structure of Teratoma R A Willis, J Path & Bact 40 1, 1935 

Fourteen teratomas have been studied and mapped in serial slabs and the dis- 
tribution and relationships of the component tissues have been worked out In the 
identification of many of the tissues difficulties are encountered An intimate knowl- 
edge of the histology of adult and embryonic tissues is necessary Immature 
glandular and neuro-epithehal tissues are readilj' confused with one another For 
the clear delineation of neuroglial tissue and especially for the identification of 
immature neuroglial cells Cajal’s gold method is desirable Unless accompanied by 
hair follicles or cutaneous glands, stratified squamous epithelium cannot be identified 
as epidermal, since squamous metaplasia frequently occurs in the glandular com- 
ponents of teratoma Renal tissue is a rare component, in the identification of 
which special caution is essential, it may be immature even in an otherwise fully 
differentiated growth Function in teratomatous tissues — secretion, hematopoiesis, 
movement, nervous activity — is of interest in connection with the problems of the 
prefunctional and functional differentiation of tissues Teratomas of the testis 
are almost always malignant, and with rare exceptions the malignancy involves 
many or all of the component tissues, though perhaps in different degrees Most 
teratomas exhibit no signs of somatic axiation, segmentation or delamination of 
germ layers , they possess no organs or true somatic regions , they exhibit 
anomalous excess of some components and anomalous absence of others, and they 
exhibit abnormal mixtures and relationships of tissues and coexistence of tissues 
of widely different degrees of maturity For these reasons, the view that a teratoma 
IS homologous with a fetus must be rejected, this means rejection of the hypotheses 
that the teratoma represents a twin inclusion and that it represents parthenogenesis 
It IS noteworthy that on incomplete examination a teratoma may present a spurious 
resemblance to a fetus Tissue correlations, probably similar to those obtaining 
m normal ontogeny, are evident in teratomas Various growing epithelia appear 
to induce specific changes in associated plastic mesenchyme, certain glandular 
epithelia evoke the formation of smooth muscle, young central nervous tissue 
evokes chondrification , tooth development exhibits its characteristic and complex 
tissue correlations , respiratory mucosa induces the formation of cartilage, nervous 
tissue the formation of a memnx-like sheath or of nerve-sheath elements, epidermis 
the formation of dermis and certain mucosal epithelia the formation of b^mphoid 
tissue Tertoma constitutes a field of study in which pathologist and embryologist 
have a common interest and can mutually benefit each other 

From the Author’s Summary 

Leukemia Transmissible by a Spindle-Cell Sarcoma in the Mouse L D 
Parsons, J Path & Bact 40 45, 1935 

A leukemic condition in mice coincident with and transmissible by the grafting 
of a spmdle-cell sarcoma is described Examination of the cells of the blood of 
the affected animals shows the leukemia to be myeloid, with large numbers of 
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pathologic polymorphonuclears The heniohistioblast, also present in the blood 
stream in this condition, is suggested as the primitive cell giving rise directly to 
pathologic polvmorphonuclears of the granular series The activity of the 
cells of the spleen, liver and other organs appears to be responsible for the gradual 
appearance and rise in number of primitive cells in the blood stream 

From Tiir Author’s SuitMARV 


Carcinoma of the Intestine in Rats R A Wielis, J Path & Bact 40 187, 
1935 

The appearance of two almost identical carcinomas m two closely related young 
rats of the same age gives food for thought Suppose that the experiments per- 
formed on these rats had been dietetic, say the administration of some carcinogenic 
substance with the food Very erroneous conclusions could easily have been 
reached This report clearly emphasizes the need for great caution in making 
deductions concerning the incidence or the genesis of neoplasms m experimental 
animals, unless adequate numbers and full controls are used 

From the Author’s Comment 


Thf Action of Radium on the Inorganic Structure of Tumour Cells as 
Shown by Microincineration E S Horning, Scient Rep Invest Imp 
Cancer Research Fund 11 67, 1934 

The inorganic structure of the cells of adenocarcinoma 27 following mtero- 
incineration is brieflj described and compared in detail with tliat in similar 
incinerated sections of the tumor irradiated and examined after periods ranging 
from SIX hours to twenty-four days An increased cytoplasmic ash is recorded m 
the tumor cells from six to eight hours after irradiation, which at this phase is 
apparently not the result of immediate degenerative changes This phenomenon 
IS maintained m the cytoplasm twenty-four hours after irradiation, and is accom- 
panied by cellular hypertrophy, which is more marked on the third day The 
maximum increase of mineral salts occurs on the sixth day following irradiation, 
at which time degenerative areas are found in all tumor cell masses These 
phenomena may be partly due to the secondary effect of irradiation on the vascular 
supply The degeneration may be followed clearly in tbe inorganic residues of the 
tumor cells owing to the absence of ash m the fat globules which collect in the 
cytoplasm The hypertrophied nucleoli and increased chromatin masses are clearly 
recognizable in the ash The multinucleate cell formation and final disintegration 
stages in the tumor cells also involve characteristic alterations in the inorganic 
material From the Author’s Summary 


The Action of Radium on Cancer Cells H G Crabtree and W Cramer, 
Scient Rep Invest Imp Cancer Research Fund 11 75, 89 and 103, 1934 

Effects of Hydiocyamc Acid, lodo-Acchc Acid and Sodium Fhtonde on the 
Metabolism and Tiansplantabihty of Cancel Cells — Hydrocyanic acid produces 
primarily an inhibition of respiration which is of the order of from 85 to 95 per 
cent in concentrations of from one-thousandth to five-hundredth molar As a 
secondary effect of this inhibition the aerobic glycolysis of tumor tissue increases 
to a value approaching that of anaerobic glycolysis The effect of hydrocyanic acid 
IS completely reversible in all concentrations up to twentieth molar The primary 
effect of sodium fluoride and lodo-acetic acid is an inhibition of aerobic glycolysis, 
which increases progressnely with increasing concentration This direct checking 
of aerobic glycolysis is accompanied by a small indirect inhibition of respiration 
which increases with the time of exposure Within certain characteristic concen- 
trations these inhibitions are reversible after an experimental period of one hour 
I these limits of concentration are exceeded, these two substances produce an 
irreversible damage in tumor cells This damaging action appears even with 
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concentrations which are insufficient to effect a complete or almost complete inhibi- 
tion of glycolysis There is a close parallelism between the degree of metabolic 
recovery and the effect on the viability of the cell as measured by subsequent 
transplantations 

Some Facto) s Dctoaimmg the Susceptibility of Cancel Cells to Radium — 
It IS possible to produce experimental^ great variations in the susceptibility of 
cancer cells to radium by acting on the respiratory mechanism of the cell It is 
not possible to do so by acting on the glycolytic mechanism The measures used 
for action on the respiratory mechanism were anaerobiosis, subjection to hydro- 
cyanic acid and subjection to cold Although all three have the same general action 
of diminishing the functional activity of the respiratory mechanism, their effects 
on the susceptibility to radium are m opposite directions Anaerobiosis diminishes, 
hydrocyanic acid and cold increase the susceptibility to radium 

Facto) s Dctei )nmmg the Susceptibility of Canco Cells to Gamma Radiation — 
Pure gamma rays have the same biologic effect on cancer cells in vitro as a 
mixture of beta and gamma rays In both cases the functional condition of the 
respiratory system determines the biologic response of the cell, while the glycolytic 
mechanism is not primarily concerned Authors’ Summaries 


Variations or Metabolism and Radio-Sensiti\ it\ of Tissues in Bicarbonate- 
AND Phosphatf-Buffered Media H G Crabtree, Scient Rep Invest Imp 
Cancer Research Fund 11 119, 1934 

A comparison has been made of the carboh>drate metabolism exhibited in 
vitro bv tissues suspended in saline mediums buffered with phosphate and bicarbo- 
nate, respectively The respiration of rat liver and Jensens rat sarcoma was well 
maintained during four hours in both mediums, but the values found in phosphate- 
Ringer solution were consistently from 20 to 30 per cent lower than those in 
bicarbonate-Ringer solution The susceptibility of tumor tissues to gamma radia- 
tion has been shown to be a function of the condition of the respiratory system 
When tumor slices are suspended m bicarbonate-buffered and phosphate-buffered 
mediums, respectively, treated with gamma radiation and subsequently transplanted, 
the damaging influence of phosphate-Ringer solution is made apparent by the 
lower number of “takes” or the subsequent slower rate of grovth of the trans- 
plants This indirect method of showing the adverse effect of phosphate-Ringer 
solution confirms the results obtained b}’’ direct measurement of carbohydrate 
metabolism Phosphate-Ringer solution, in some unknown manner, damages the 
respiratory sjstem of tumor tissues From the Author’s Summary 


The Therapeutic Action of Radium on Spontaneous Mammarv Carcinoma 
OF the Mouse W Cramer, Scient Rep Invest Imp Cancer Research Fund 
11 127, 1934 

The spontaneous mammary carcinomas of the mouse show differences in 
sensitivity to radium They present, therefore, a suitable material for the study 
of the factors which determine the radiosensitivity and radioresistance of malig- 
nant new growths With a given dose which in the radiosensitive tumor produces 
rapid regression, the radioresistant tumor shows only an arrest of growth or a 
partial regression In both cases the action is only a local one and is restricted 
to the irradiated area With the doses given, no evidence has been obtained of a 
stimulation of growth or of an enhanced metastatic dissemination The process 
of regression in the radiosensitive tumors corresponds closely to that described 
for a radiosensitive transplantable tumor of the mouse Histologically it begins 
with an invasion of the tumor by macrophages This leads to the formation of 
a massive stroma overgrowing the tumor and splitting the malignant parenchyma 
into narrow' strands of living and v'lable cells It is pointed out that, although 
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histologically these irradiated viable cells appear normal, they have undergone a 
change so far as they have been temporarily deprived of their power of growth 
The process of regression as a whole is, as previouslv shown, not due to a direct 
lethal action on the cancer cells nor entirely to an action on the tumor bed, but 
IS the result of a damage inflicted on both tlie tumor parenchjnia and the tumor 
bed, followed bj repair In the i adioresistant tumors irradiation does not produce 
a macrophage invasion and a subsequent overgrowth of the stroma It is shovvm 
experimentally that the temporary loss of growth which malignant cells undergo 
after irradiation is due to a direct action on these cells They may remain in 
this dormant condition over a relativelv long period, but eventually they recover 
from it and resume their usual rate of growth The bearing of this phenomenon 
on the clinical results of radiotherapy is discussed, and a distinction is drawn 
between the true recurrences due to this condition and the apparent recurrences 
which are really the result of a new development of malignancy due to an insuffi- 
ciently extensive irradiation The fact that it is possible to bring about locally 
the disappearance of a malignant new growth by an agent which does not kill 
all the malignant cells directly, but only inflicts on them a temporary damage of 
a specific nature, indicates the possibility of a systemic therapy of cancer along 
the same lines From the Author’s Summary 


Technical 

"Spot” Preparatioas in the Postmortem Diagnosis or Hematopoiftic Dis- 
eases A F Zanatv, Virchows Arch f path Anat 293 335, 1934 

“Spot” preparations made at the time of autopsy from the various organs and 
tissues are highly recommended as an aid m the diagnosis of diseases of the 
hematopoietic organs Thev may be stained by a varietv of methods and yield more 
satisfactorv results than smear or "thick drop” preparations q u' 


Histologic Demonstration of Glvcogen in Muscle A Noll, Virchows Arch 
f path Anat 293 409, 1935 

Pieces of fresh muscle from 0 5 to 1 cm long and a few millimeters wide are 
placed in 5 per cent aqueous potassium hyffiroxide at room temperature for a 
maximum of four hours The tissue is then washed m water for one minute 
It IS then placed in 96 per cent alcohol, which is changed several times during the 
first few hours, followed by immersion in absolute alcohol, m which it remains for 
at least twenty-four hours It is embedded in pyroxylin (celloidm) The sections 
may be stained by Best’s carmine method or with iodine q -j- Schultz 

Preservation of Shlep Ervthrocvtls for Complement Fixation S Ginsburg 
and R Selikowa, Ztschr f Immunitatsforsch u exper Therap 83 157, 1934 

The sheep blood was defibrinated and washed twice with a modified Ringer- 
Locke solution (the dextrose is left out and boric acid crystals are added in the 
concentration of 1 per cent) The cells are suspended m the same solution in 
the proportion of 1 33 The red cells remained satisfactory for hemolytic and 
complement-fixation tests for from ten to twenty day s , their fragility remained 
unchanged for a similar period The modified Ringer-Locke solution (without 
the boric acid) is sterilized in the Arnold sterilizer for thirty minutes A precipi- 
tate forms during sterilization which has no harmful effect The boric acid crys- 
tals are now added The solution keeps well for from one to two months at room 
temperature 

I Davidsohn 
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Flocculation Test for Syphilis with the Antigen ABF (Antigene- 
Bruxelles-Floculation) M Stern, Ztschr f Immunitatsforsch u exper 
Therap 83 228, 1934 

The technic of the preparation of the antigen, which was originally suggested 
by Bordet, is not given The method of its dilution and the technic of the test 
are described and impress one b}' their simphcitj The results were compared 
with those of the Wassermann test (Wadsworth aptigen), the micro test, the 
clearing test of A'leinicke and the Kahn test The test proved highly specific 
with comparativelj’^ few false reactions The antigen can be used for the test with 
cerebrospinal fluid, but a large amount of the fluid is needed j Davidsohn 


Preservation of Complement H Mirdaaiadi and K Giesf, Ztschr f Immuni- 
tatsforsch u exper Therap 83 304, 1934 

Complement was diluted with an equal volume of a 12 per cent solution of 
sodium acetate containing 4 per cent boric acid The serum of the guinea-pigs 
which contained normal antisheep lysin was eliminated The preserved comple- 
ment kept well for a number of weeks j Davidsohn 
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NEW YORK PATHOLOGICAL SOCIETY 

Rcgiilai Meeting, Feb 28, 1935 
William C Von Glahn, Picsidcnt, m the Chau 
Irving GRAiir, Seaciaiy 

Abscess of the Liver Due to Friedlander’s Bacillus Charles T Olcott 

The literature concerning abscesses of the liver caused by Friedlander’s bacillus 
has been reviewed Five cases have been found in which there were pulmonic and 
hepatic lesions, and five others in which the lungs were not involved (Gilbert- 
Dreyfuss and Dausse, C Rev nud -chu d mal du foie 4 481, 1929 [references] 
Lutembacher, R , and Debains Ann de med 8 460, 1920 Le Sourd and Draillard 
Gaz d hop 105 1185, 1932) In the latter group the kidney was also involved 
three times, the meninges and spleen each twice and the gallbladder once 

The case presented was that of a woman 51 years of age on the service of 
Dr E F DuBois, New York Hospital She had had diabetes mellitus for eleven 
years and infection of one foot necessitating amputation three years before admis- 
sion to the hospital She had had a nonproductive cough and repeated vomiting 
on admission The abdomen was diffusely tender, especially m the right upper 
quadrant, and there was a palpable mass extending 8 cm below the costal border 
The heart was enlarged, and there were some rales m the chest Blood cultures 
showed Friedtander’s bacillus The white blood counts showed 44,000 and 23,200 
white cells with 90 per cent polymorphonuclears, two-thirds immature forms The 
patient died two days after admission 

At autopsy (Henry S Dunning) there was advanced arteriosclerosis with fibro- 
sis of the pancreas The heart was dilated and hypertrophied The lungs showed 
congestion and edema but no pneumonia The serous cavities were clear The liver 
weighed 2,800 Gm , and there was a multilocular abscess cavity 1 1 cm across in 
the right lobe This contained thick yellow liquid The edges were irregularly 
trabeculated and white There was surrounding congestion Microscopically, poly- 
morphonuclear cells were found in the central necrotic area These were sur- 
rounded by mononuclear cells and fibroblasts The spleen was soft and enlarged, 
and it showed infarcts, one of which was filled with pus 

Smears from the liver and spleen showed gram-negative encapsulated bacilli 
Cultures from the cardiac blood, spleen and liver showed Friedlander’s bacillus 

Atrophy or the Cortex of the Adrenal Gi and with Addison’s Disease 
James A Moore (by invitation) 

A 26 year old white married woman was admitted to the New York Hospital 
because of general weakness and fatigue of two months’ duration The family and 
past histones were essentially negative For the past two months prior to her 
entry into the hospital there were increasing weakness and fatigue, loss of weight, 
nausea, vomiting and increasing brownish pigmentation of the skin 

Physical examination showed moderate dehydration, apparent loss of weight 
and increased brownish pigmentation of the skin over the flanks, abdomen, arm 
pits, nipples and buccal mucosa The apex impulse was weak and diffuse but 
within the normal boundaries The blood pressure was 74 systolic and 46 diastolic 
The urine was essentially normal The red blood cell count and the hemoglobin con- 
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tent were normal The white blood cell count was 15,400, with 54 per cent 
polymorphonuclear leukocytes The Kline test was negative The urea nitrogen 
was 44 mg per hundred cubic centimeters of blood, and the plasma chlorides 
600 mg The patient declined steadily and died three days after admission without 
apparent response to the administration of large amounts of sodium chloride by 
vein or to the intravenous use of 20 cc of extract of adrenal cortex 

The essential features of the autopsy (Henry S Dunning) were as follows 
The skin and buccal mucosa were pigmented light brown, as described The heart 
weighed 205 Gm The circumference of the abdominal portion of the aorta was 
2 5 cm The coronary, splenic and renal arteries had unusually thin walls There 
was a small partially calcified fibrocaseous nodule in the upper lobe of the right 
lung with a similar nodule in the tracheobronchial lymph nodes draining that area 
The thymus gland weighed 7 5 Gm and was grossly normal Grossly the th} roid 
gland, pituitary gland, liver, pancreas, biliary tract and spleen were not remark- 
able The right adrenal gland was gra 3 "-brOwn, homogeneous, soft and friable 
It measured 2 5 cm in length, 2 cm in width and 0 3 cm in thickness, with no 
differentiation into cortex and medulla The left adrenal gland measured 4 5 cm 
in length, 1 9 cm in width and 7 mm in thickness, with definite differentiation 
into cortex and medulla The cortex w'as gray-brown, homogeneous, fairly firm, 
with a slightly lobulated surface, and measured 0 5 mm m thickness The medulla 
was gray, soft and friable At the lower pole of this gland there was a small 
subcapsular hemorrhage The kidneys showed some brown pigmentation of the 
pyramids The ureters, bladder and genital organs were normal 

On microscopic examination the basal cells of the pigmented skin and buccal 
mucosa were filled with fine browm pigment granules The rectus muscle fibers 
showed some Zenker’s hyaline degeneration The thymus gland was not remark- 
able The thyroid gland showed diffuse infiltration with lymphocj'tes and plasma 
cells, and the acini were lined by unusually tall epithelial cells and for the most 
part were devoid of colloid The pituitary gland was normal The capsule of 
the left adrenal gland was of normal thickness The area between the medulla 
and the capsule was much reduced and show'ed onlv a few isolated islands of wdiat 
appeared to be cortical cells with irregular outline, pmk-stammg cytoplasm and 
hyperchromatic \esicular nuclei, surrounded by congested capillaries, remaining 
stroma and a dense Ijmiphoid infiltration The medulla show'ed considerable lymph- 
oid infiltration with some degeneration of the chromaffin cells m these areas A 
section from the low'er part of the right adrenal gland consisted entirelv of w^ell 
preserved medullary tissue with a few focal accumulations of lymphocytes This 
section showed neither cortex nor capsule Stains for acid-fast bacilli were negative 
This case conforms closely with those reported bj"^ Brenner and others Both 
adrenal glands showed advanced atrophy of the cortex The medulla in each 
instance was essentially normal m appearance except for the lymphoid infiltration 
There were associated changes in the thyroid gland and rectus muscle fibers 
similar to those described m other case reports 

DISCUSSION 

William C Von Glahn Since 1926 my associates and I have had five cases 
of Addison’s disease following atrophy of the adrenal whereas in the past twenty- 
four years only six cases due to tuberculosis of the adrenal were observed I am 
wondering if this is the experience of other pathologists^ 

Alfred Plaut In the last five years I have seen two cases of Addison’s 
disease, one associated with tuberculosis and one with atrophy 

Robert A Moore It seems to me that cases of this type present certain 
problems and also certain opportunities for the study of the ph 3 '^siology of the 
adrenals At New York Hospital in the past two years we have had two cases 
of Addison’s disease, one was tuberculous and the other was this case of atroph 3 ’' 

I do not know what the relative importance of these associated conditions is, but 
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in the large senes of 500 cases it is probable that a true index of the relative 
amount of atrophy is given, namelv, 10 per cent There is some indication, as 
Wells has pointed out in reviewing his cases, that this type of change is not 
dissimilar from acute yellow atrophv in which there is a profound degeneration 
of the parenchyma vvithout fibroblastic proliferation 

One other point in connection with the morphology of the disease The thymus 
was not enlarged, but certainly there were hypoplastic changes in the vessels of 
this patient There was lymphoid infiltration in the thyroid, and the Ijmphatic 
tissue in the body was increased over that which would be expected in a person 
of this age That brings up again the possible relationship of the adrenal to the 
so-called status thymicolj mphaticus 

Osteoid Osteoma Henrv L Jaife 

(^Material was presented on a bone lesion designated “osteoid osteoma ”) 
Osteoid osteoma appears to lie a distinctive benign bone tumor It arises from 
osteoblasts Irregularly between the osteoblasts intercellular material develops 
In this way patches of osteoid tissue are formed In the further progress of the 
lesion the osteoid becomes calcified and even converted into atypical bone In the 
course of the conversion osteoclasts appear Sometimes the lesions are rather 
vascular 

Osteoid osteoma is by no means a rare condition Seven instances have been 
noted and studied in the laboratorv during eighteen months Nevertheless, this 
lesion has been mentioned m the literature only three times and has never before 
been interpreted as a distinctive bone tumor Heine, in 1927, described one instance 
of the lesion under the title “A Bone Sequestrum in Process of Being Reincorpo- 
rated into the Basal Phalanx of the Ring Finger” Hitzrot, in 1929, under the 
title “Sclerosing Osteomyelitis of the Carpal Scaphoid,” presented before the New 
York Surgical Society a case the roentgenogram of which published m the trans- 
actions of the society closely resembles the roentgenogram in some of our cases 
Bergstrand, in 1930, under the title “A Peculiar and Probably Not Hitherto 
Described Osteoblastic Disease in the Long Bones of the Hand and Foot,” reported 
two cases that seem quite clearly to be instances of what I have called osteoid 
osteoma He was at a loss to classify the condition but held that it was neither 
a tumor nor an inflammatory process, regarding it as a reactivation of an 
embryonal rest 

All the cases which I have observed had the following featuies in common 
The patients were adolescents or young adults The principal complaint was local 
pain Uniformly the lesion originated in spongy bone areas As observed roent- 
genographically the pathologic areas were roundish and clearly circumscribed 
The lesions were small and closely similar in size In every case operation was 
performed on the assumption that the lesion was an inflammatory one Complete 
eradication resulted m the eventual disappearance of all sjmptoms without recur- 
rence of the local condition 

It was indicated that osteoid osteoma is possibly related to the metacarpal bone 
tumor previously described by Dr Mayer and Dr Jaffe under the title “An Osteo- 
blastic, Osteoid-Tissue-Forming Tumor of a Metacarpal Bone” This metacarpal 
bone tumor is possibly an osteoid osteoma which, because of incomplete removal, 
continued to proliferate and began to take on the characteristics of osteogenic 
sarcoma 

As to differential diagnosis, osteoid osteoma has no features suggesting that it 
has an inflammatory origin or an origin from an embryonic rest, or that it repre- 
sents an unfamiliar healing stage of a giant cell tumor, localized osteitis fibrosa 
or cyst Altogether, it seems fair to assume that osteoid osteoma is a distinctive 
benign osteoblastic bone tumor which has hitherto been overlooked as such and 
the true incidence of which is still to be determined 
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It IS suggested that osteoid osteoma is possibly the benign counterpart of 
malignant osteogenic sarcoma 

This article will be published in full in the At chives of Sutgciy 

Histogenesis of L'i mphosarcomatosis J C Ehrlich (by invitation) and 
I E Gerber 

Histologic studies of the biopsy and necropsy material from eighteen cases of 
lymphosarcomatosis revealed varied histologic pictures which could be grouped 
into three mam types on the basis of the morphologic characteristics of the pre- 
dominating cell in each case There were found, first, cases m which large pale 
cells in either symplasmic or reticular arrangement predominated Then there 
was a group in which the lymphosarcomatous tissues were composed of mixed 
cells, partly reticular, as in the former group, and partly free The morphology 
of these free cells resembled that of immature large lymphocytic cells Finally, 
there were encountered cases in which the l3'mphosarcomatous tissues were com- 
posed predominantlj’’ of free cells, whether of the immature or of the mature 
lymphocytic type These three types were termed, for descriptive purposes, 
“reticular,” “intermediate” and “lymphocytic,” respectively 

These types were found to correspond m their essential morphologic features 
to the immature, intermediate and mature cells resulting from normal differentia- 
tion of the cytoplasmic reticulum along lymphopoietic lines This similarity, 
together with evidences of the progressive transformation of the less mature into 
the more mature cell types in lymphosarcomatosis, indicated that the histogenesis 
of this disease consists of progressive lymphopoietic differentiation of the cvtoplas- 
mic reticulum This process is confined chiefly to the cytoplasmic reticulum of 
lymphatic tissue, viz , lymph nodes, gastro-intestmal tract, etc 

Lymphopoiesis as it occurs m lymphosarcomatosis manifests blastomatous char- 
acteristics These are indicated by the aggressiveness of the tumor masses and 
the atypical character of the cells 

Lymphosarcomatosis arises in a region of lymph nodes, from which it extends 
to other regions of lymphatic tissue and other organs m progressive fashion This 
spread occurs by direct local extension and by metastasis via the lymphatics and 
the blood stream In addition, there occurs autochthonous formation of lympho- 
sarcomatous foci m many centers of lymphatic tissue This autochthonous origin 
IS evident in partially involved nodes, where intermediate stages in the formation 
of these foci from local reticulum cells may be observed, and in the diffuse involve- 
ment of the malpighian follicles of the spleen m two of our cases 

As a result of these modes of spread many cases of l3’-mphosarcomatosis show, 
m their late stages, a widespread involvement of the L^phatic tissues (with the 
exception of the spleen) and of other organs 

The origin of lymphosarcomatosis simultaneously in various lymph nodes in 
one region, the autochthonous mode of spread and the tendency toward restriction 
to one type of tissue separate this disease from true sarcoma Lymphosarcomatosis 
bears certain resemblances to lymphadenosis, such as identical histogenesis, restric- 
tion to lymphatic tissue and systematization Nevertheless, the focal origin of the 
former, the more aggressive character of its growth, the focal involvement of 
lymph nodes and the limited systematization serve to characterize it as a 
blastomatous disease of lymphatic tissue in contrast to the hyperplastic character of 
lymphadenosis 

From an oncologic point of view lymphosarcomatosis may be classified as a 
blastomatous disease in the group of hemoblastoses 

DISCUSSION 

Henr\ S Dunning I should like to ask two questions first, what part the 
histiocyte plays in these tumors, if any, and second, whether Dr Ehrlich believes 
that the histiocyte is also formed by a reticulum cell 
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J C Ehrlich In answer to the first question, ^\hat part does the histiocjte 
play, we have taken special note of cells which could be recognized as histiocytes 
in lymphosarcomatous tissue because of included phagocytosed material, and there 
was no instance in which such cells, whether they were in the follicles or in the 
pulp or in the marginal sinuses of the lymph node, appeared to play am part 
whatever There were numerous cases m which the lymphosarcomatous tissue 
appeared punctured by large pale histiocytes which showed no evidence of partici- 
pation in the formation of lymphosarcoma cells 

In answer to the second question, histiocytes are considered a part of the 
reticulo-endothehal system If you want to ask, “Are these histiocytes formed bi 
reticulum cells’” I should say, “Yes, I believe they are, but most frequentlv thej 
are derived from the littoral cells or the endothelial part of the reticulo-endothehal 
system ” 

Visceral Neuroglkic Sarcomatosis Seaton Sailer 

A rapidly fatal tumor in a woman 54 years of age, arising in the root of the 
mesenterj and involving the visceral and parietal peritoneum and pleura, is 
reported 

DISCUSSION 

Nathan Chandler Foot It seems to me \ery important in the study of 
these tumors to distinguish between those of Schwann cell origin and those of 
fibroblastic origin, and I think that one of the chief obstacles to making this 
distinction has been the disinclination of pathologists to get away from the old 
tried and true hematoxyhn-eosin stain It is important to use a tnchrome stain 
such as Dr Sailer used to differentiate roughly between the fibrous tumors and 
the nerve sheath tumors, the tumors of the sheath of Schwann It seems quite 
possible that if one used a little more complicated staining technic one would be 
able to find out the histogenetic origin of these tumors and to distinguish between 
those which come from the perineural fibrous tissue and those which come from 
the sheath of Schwann, as this one apparently did One has, on one hand, a slow- 
growing group of singly occurring tumors which, if they are not completely 
extirpated, are apt to recur and with each recurrence become more malignant 
until they are finally sarcomas The question arises whether they are related to 
the multiple tumors Dr Sailer has just described, on the other hand It is quite 
possible that both camps may be right, that is, that Penfield’s contention that 
neurogenic sarcoma is of fibrous origin and the contention of the French school 
that It IS of Schwann cell origin may both be right under certain circumstances, 
and that by using more careful staining technic it will be possible to find out 
which tumors have their origin in Schwann’s sheath and are therefore really neuro- 
genic, and which are merely fibrosarcomas occurring along the course of nerves 

Sheldon A Jacobson Some time ago at the Hospital for Joint Diseases 
we had a tumor in which the following observations were made The mam tumor 
was a mass which occupied a completely destroyed lower dorsal vertebra and 
extended also into the vertebrae above and below There was a marked com- 
pression of the spinal cord which had given rise to symptoms of transverse 
myelitis The ileum was the site of some polypoid nodules on narrow peduncles, 
the largest of which was about the size of a plum In the mediastinum was a 
rather large nodule which was poorly demarcated, infiltrating the wall of the aorta 
and completely penetrating that organ to be seen lying as naked tumor material 
within the lumen On microscopic section the tumor presented an appearance very 
similar to that m the photomicrographs shown by Dr Sailer We made a final 
anatomic diagnosis of schwannoma in the sense used by Masson, and let it so 
at that ® 
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Rcgulai Meeting, Maicli 28, 1935 
William C Von Glahn, Piesidcnt, in the Chau 
Irving Graef, Secietaiy 

A Case of Thrombolvmph angitis or the Thoracic Duct Associated i\ith 
Abdominal Symptoms Necessitating Exploratorv Laparotomy S H 
POLAYES 

A Puerto Rican, SS j^ears of age, was seized with persistent abdominal pain 
which radiated from the umbilical region to the rest of the abdomen Several 
years previously he had had epididymitis, which lasted se^eral months, and for 
the past three months he had been ha\ing vague abdominal pains 

On admission to the hospital the provisional diagnosis was ileitis (influenza) 
and acute pancreatitis An exploratory laparotomy failed to reveal more than 
marked congestion of the terminal ileum The postoperative reaction was poor, 
and the patient died on the third day after admission, following a sudden rise m 
temperature from 99 to 105 5 F 

The blood on admission showed 13,800 leukocytes, of which 88 per cent were 
polymorphonuclear cells and 12 per cent were lymphocytes Twelve hours later 
the leukocyte count dropped to 5,850, of which 94 per cent were polymorphonuclears 
The chemical findings m the blood were normal 
Urinalysis showed numerous red cells and a trace of albumin 
Postmortem examination showed that the most important abnormalities were 
confined to the genital and lymphatic systems The epididymis was the seat of 
chronic inflammation, which was complicated by thrombophlebitis of the pampini- 
form plexus The surrounding lymphatics were apparently involved, as evidenced 
by marked acute lymphadenitis of the lateral and preaortic lymph nodes The 
cisterna chyh was filled with purulent exudate, which extended all along the 
thoracic duct, presenting a marked but nonocclud.ng thrombolymphangitis of the 
duct extending to its termination in the neck, where it was lost in a mass of 
suppurative lymph nodes The purulent process spread from the duct to the 
mediastinum and pleura, both of which were the seat of a purulent exudate 
Streptococcus haemolyticus was recover, ed in pure culture from the contents of 
the duct as well as from all the other purulent areas and from the pampiniform 
plexus 

The final anatomic diagnoses were as follows chronic epididymitis , suppurative 
thrombophlebitis of the pampiniform plexus , acute suppurative lymphadenitis 
(lumbar, thoracic, mediastinal and cervical) , suppurative thrombolymphangitis of 
the thoracic duct , suppurative mediastinitis and pleuritis confluent lobular pneu- 
monia and old apical tuberculosis, a laparotomy wound with local peritonitis, 
cortical cysts of the kidnev (arteriosclerotic) , diverticulum of the duodenum 
The review of the literature reveals the rarity of the condition Pappenheimer 
referred to a total of ten cases reported m the English, French and German litera- 
ture up to 1921 Von Glahn in a similar review m 1924 described a case of his 
and called attention to a case reported by Warthm and another by DeForest, 
both of which, he stated, were omitted from Pappenheimer’s collection Kryloff, 
as well as Wurm, each added a case of his own m the period from 1927 to 1928 
This makes a total of eighteen, including the case reported now 

More than three fourths of the cases reported occurred m males In about 
one fourth of the cases the organism which w'as recovered was Str haemolyticus 

discussion 

William C Von Glahn Several 3'^ears ago I observed a somewhat similar 
case of suppurative hmphangitis of the thoracic duct, the cause of infection 
being an abrasion of the left thigh The organism m that case was also Str 
haemoli ticus 
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Multiple Aneurysms, Probably Syphilitic, Associated with Rheumatic 

Carditis A Rottino and Henry J Sppncer (by invitation) 

This report concerns itself with a remarkable case in which was found uni- 
versal involvement of the arterial tree by medial necrosis and fibrosis with the 
lormation of numerous dilatations or aneurysms 

Though the literature was reviewed for fortj years back, no similar report 
was discovered 

A 49 vear old woman entered Bellevue Hospital with progressive dyspnea, 
weakness and loss of vision beginning insidiouslj siv months before A history 
of syphilis and rheumatism was absent Besides signs of congestne failure, 
pulsating aneurj sms in the neck, upper and lower extremities and aorta were 
found Weakness was the prominent symptom Death occurred in seventy days 

\t necropsv the heart and arterial tree were of principal interest In addition 
to cardiac hypertrophy there were thickening of a few chordae tendineae and 
small aneurysms at the closing margins of the aortic and mitral valves The 
ascending aorta was transformed into an aneurysm with its walls thickened in 
places and thinned in others Linear wrinklings, irregular scars and raised hj aline 
plaques affected the intima not only of the entire aorta but also of the pulmonary 
and all other arteries throughout the body The aneurysms seen clinically were 
dilatations of thinned vessels of the neck, of the abdominal viscera and of both 
extremities Aneurysms were found also affecting the ophthalmic arteries 

The microscopic lesion consisted of a medial necrosis destroying in a wholesale 
manner the elastic lamellae There were extensive areas of replacement fibrosis 
associated with vascularization and round cell infiltration In the intima fibrous 
plaques of varying sizes and thicknesses had formed The vasa vasorum in the 
adventitia had thick walls and narrow lumens The aforementioned changes 
were seen m all vessels described grossly as changed Active valvulitis without 
verrucae was seen m the mitral valve Aschoff bodies were found m the 
myocardium 

From the gross and microscopic appearance of the aortic lesions one would 
be entirely justified in ascribing the disease to syphilis One might, however, raise 
an objection, since it is unusual to see such extensive involvement m this disease 
To explain the aneurysms of the aortic and mitral valves on the same basis would 
be running counter to the opinion that syphilis does not attack valves primarily 
The presence of the rheumatic type of lesion may well be a coincidence If it 
has a meaning, this must for the present remain obscure 

DISCUSSION 

Andrea Saccone I should like to ask whether the blood cholesterol was 
studied in this case, and whether sections have been stained for fat, because I 
encountered a case of multiple aneurysms in a girl of 18 years in which cholesterol 
was found in the intima of the arteries, more or less diffuse, so that in cases of 
this type the disturbance in the metabolism of cholesterol must be considered, 
and I think it is important to make a cholesterol determination 

S H Pol AYES Was mention made of spirochetal studies’ 

A Rotting Though sections were stained by the Levaditi method, we were 
unable to demonstrate the presence of spirochetes 

A study of the cholesterol metabolism was not made clinically The sections 
showed no cholesterol crystals Preparations stained with scarlet red and Sudan 
III revealed little or no fat in the aorta 

The Visceuai Pathology in Scarlet Fetcr Henry Brody (by invitation) and 
Lawrence W Smith 

This IS a study of sixty-one autopsies in cases from the Willard Parker Hos- 
pital the Department of Hospitals, New York, forty-five of Yvhich were definitely 
cases of scarlet fever, the lemainder probably so In this paper is presented a 
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study only of the nonlocal visceral lesions, a detailed discussion of the cardiac 
pathology being omitted 

Nonsuppurative, toxic complications of scarlet fever, particularlv in the kidney 
and liver, have long been recognized by the clinician The underlying pathologic 
picture has been particularly well described for the kidney and for other viscera 
We have been especially impressed, in this study, with the frequency with which 
a certain type of lesion occurs m the various organs from persons dying of scarlet 
fever Extensive lesions of the type to be described, the indubitable immediate 
cause of death, have not been frequent, but the somewhat less extensive and earl> 
lesions are common The lesion is an interstitial one, consisting of an exudate 
mainly of round cells These cannot be said to be of one type Perhaps, by and 
large, lymphocytes predominate Plasma cells are numerous Other types of less 
easily classified round cells occur m considerable numbers Giant cells are prac- 
tically absent Polymorphonuclears occur, but for the most part m small numbers, 
and few of these are eosinophils The lesion has been found in almost all of the 
body tissues The exact nature varies with the location This is consequent on 
the fact that the interstitial nature of the lesion is not primary It is not, we 
believe, the result of direct injury to interstitial tissue by the local action of 
metastatic streptococci or by a blood-borne bacterial toxin We feel that it repre- 
sents, primarily, a widespread injury to vascular endothelium with secondary 
development of fluid and cellular exudation 

All the available material at the Willard Parker Hospital from all of the 
autopsies on patients dying of scarlet fever or whose condition was suspected of 
being scarlet fever is presented In addition, a number of cases of streptococcic 
infection, either primary or secondary, were also studied for comparative purposes 
The material available for study was the routine autopsy sections These had 
been fixed in Zenker’s fluid and stained with tetra-brom-di-chlorfluorescem plus 
methylene blue, the routine laboratory stain A description of the lesions found 
m the various organs follows 

Hemt — Cardiac lesions of varying severity occur in over 90 per cent of the 
cases These fall into three overlapping types (1) either a focal or a diffuse 
interstitial infiltration by mononuclear cells, having no apparent distribution with 
reference to the cardiac blood vessels This type is rare except as it occurs with 
either of the next two, (2) an infiltration in or about the smaller coronary 
arteries, taking the form of an arteritis or a periarteritis, in which the invading 
cells are mononuclear, although in some cases there occurs an admixture of poly- 
morphonuclears, some of which occasionally are eosinophils, (3) the coinmonest 
finding, consisting of an infiltration beneath the endothelium of coronary veins, 
the endocardium or the endothelium of the thebesian vessels 

Kidney — The kidney is both congested and edematous and shows marked 
tubular degeneration The outstanding lesion is interstitial nephritis This con- 
sists primarily of a mononuclear interstitial exudate m the boundary zone between 
the cortex and the medulla Possibly, as Schridde suggested, there is a preinfil- 
trative stage with accumulations of numbers of mononuclear cells in the tubular 
capillaries The earliest certainly recognizable lesion is an accumulation of num- 
bers of cells about the long veins of the boundary zone without any interstitial 
infiltration More extensive lesions definitely appear to spread from these sites 
Secondary foci occur, for the most part, beneath the capsule and occasionally 
beneath the pelvic epithelium In the very extensive conditions the picture resem- 
bles, both grossly and microscopically, lymphatic leukemia 

Adienal — The adrenal is almost always congested, the medulla more markedly 
than the cortex Hemorrhage occurs Cortical granular degeneration is frequent 
Again, to us the striking change is an infiltration of the walls of the medullary 
venous sinuses by mononuclear cells, spreading to a degree through the medulla 
This infiltration rarely spreads into the zona reticularis, though a case with 
diffuse, though not intense, cortical involvement was seen 
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h.jc) —The hver is markedly congested and frequently shows central fatty 
degeneration Edema, often extreme, is usually present Again, mononuclear 
interstitial infiltration in the portal region occurs, and m many cases this appears 
to be definitely derived from the portal veins and their capillary branches 

Spleen —Acute splenic tumor is common Microscopically, there are congestion 
and edema, with widely distended sinusoids, containing few polymorphonuclear 
cells The splenic follicles are either hyperplastic or show necrotic centers Again, 
infiltration of the vein and sinusoidal walls is prominent 

Othci Oigans — Similar lesions about veins and capillaries have been seen m 
the pancreas, lung, pituitary, testis, tissues of the pharynx, regional and distant 
lymph nodes, salivary glands and aorta 

Bacteria are not found associated with these lesions, although the blood culture 
IS most frequently positive It is believed that the picture represents a reaction 
to a circulating bacterial toxin, acting primarily on vascular endothelium 

DISCUSSION 

Paul Klemperlr How often did you find thrombosis in the smaller or larger 
blood vessels’ 

Henry Brody It was very infrequent 

Alfred Plaut Were there any necrotic changes in the walls of the vessels, 
or deposits under the intima’ 

Henry Brody I do not think we ever saw necrotic changes in the walls of 
the vessels We may occasionally have seen hyaline changes, but these were not 
particularly associated with the lesion 

Alfred Plaut I asked that question because I have seen in a young child 
whose age I do not recall a general inflammatory infiltration nearly identical with 
those you showed, but in the case of which I speak there were multiple necrotizing 
arterial lesions It was not a case of scarlet fever 

Mendel Jacobi I noted that Dr Brody seemed to stay away from the ques- 
tion of hemorrhages He casually mentioned that hemorrhages in the adrenal 
occurred Some years ago I examined some cases of scarlet fever post mortem, 
though I did not study them to the extent that Dr Brody examined his, and in 
association with these lesions I noticed in the kidney and hver frequent hem- 
orrhages, petechial in character I could not find thromboses except in isolated 
instances I should like to ask whether a study was made in regard to the 
frequency of hemorrhages, and what happened to the elastic tissue m these various 
vessels 

Henry Brody We were rather surprised to find that hemorrhage occurred 
as infrequently as it did We found hemorrhage in the adrenal oftener than in 
any other organ, perhaps it was present m less than 10 per cent of our cases 
I have only seen it once m the kidney In the literature adrenal hemorrhage is 
described as a complication of scarlet fever 

We have not studied the walls of the vessels in detail 

Pathology of B Virus Infection Albert B Sabin (by invitation) 

The B virus was isolated from the spinal cord and spleen of a human being 
with acute ascending transverse myelitis which followed the bite of an apparently 
normal rhesus monkey The human lesions attributable to the virus included 
necrotic vesiculopustular lesions on the fingers at the bitten sites, necrotic foci in 
the regional lymph nodes and spleen, widespread necrosis in the adrenals and 
lesions in the central nervous system involving chiefly the spinal cord and medulla 
The B virus can be distinguished from all known viruses by its biologic and 
immunologic properties It is pathogenic for rabbits, rhesus monkeys and, to a 
lesser degree, for guinea-pigs and mice There is some evidence that it is 
indigenous to rhesus monkeys 
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In the rhesus monkey the B virus produces lesions characterized by prolifera- 
tion, the formation of acidophilic intranuclear inclusions and later cellular necrosis 
and inflammatory reaction Lesions can probably develop m every tissue or organ 
but’ under the experimental conditions of this study they were observed m the skin, 
peritoneum and omentum, liver, spleen, adrenals, ovaries, lymph nodes and ner\ous 
system Prominent among the lesions is specific necrosis of the blood vessels 
Intravenous inoculation of the virus gives rise to an exanthem and an enanthem 
Intracerebral inoculation is rapidly fatal, while after peripheral inoculation there 
are no signs of an involvement of the central nervous system and the animals 
survive The disease in the lahbit is similar to that in the monkey except that 
adhesive peritonitis does not follow intraperitoneal inoculation, and peripheral 
inoculation leads to constant ascending infection of the nerve axis 

Patholog\ 01 Giaxt Tuberculous Cavities Lewis E Siltzbach (b} in\i- 
tation) 

Eleven instances of complete cavernous destruction of a tuberculous lung were 
studied Such lungs show either a single enormous cavity extending from apex 
to base or complete cavitation of each lobe with persistence of the intervening 
interlobar adhesion The lung is generally markedly shrunken and is surrounded 
by dense fibrous pleural adhesions The opposite lung contains relatively fresh 
tuberculous lesions occupying limited areas In all eleven instances the process of 
complete cavitation was left-sided and occurred exclusively in females In the 
literature nine clinical reports of cases of this form of pulmonary tuberculosis, 
with one exception, record involvement of the left lung Two lungs showing 
complete cavernous destruction were examined microscopically m their entiretj 
In the microscopic remains of the collapse-indurated parenchyma, which were 
present only at the base of the cavity, innumerable lymphocytic nodular aggregates 
as well as a few scattered miliary tubercles were found A surprisingly large 
number of small encapsulated caseous and calcified nodules of old caseous pneu- 
monia and caseous bronchitis were also observed Many of these old lesions 
showed reactivation of the tuberculous process as well as erosion and discharge 
into the lumen of the cavity 

The cavity is lined by nonspecific granulation tissue, and the wall of the cavitj 
only rarely contains evidence of tuberculous change Aieas were encountered 
where no definitely formed wall of a cavity was present, and here the remains 
of lung tissue or even the fibrous pleural adhesion lay bare in the lumen of the 
cavity, undergoing severe nontuberculous purulent necrosis The dense fibrous 
tissue of the pleural adhesion showed a rich network of elastic fibrils, probably 
originating in response to the forces of respiratory movements The tracheo- 
bronchial l^mph nodes contained numerous fresh tubercles as well as old and 
encapsulated caseated and calcified foci 


Regulai Meeting, Apnl 25, 1935 
William C Von Glahn, President, m the Chau 
Irving Graef, Sccrctaiy 

Spindle Cell Sarcoma Arising in a Fistulous Tract Solomon Weintraub 
and (by invitation) Joseph G Lew 

The following report is of interest because of the rarity of the condition, the 
unusual location of the primary tumor, and the question of etiologv 

A colored man, aged 40, single, a chauffeur, was admitted to Harlem Hospital 
on Feb 26, 1935, for discharging sinuses about the rectum w'lth old perianal tracts 
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In the spring of 1934 the patient noticed a small “pimple” near the anal orifice, 
which he opened seveial times with a sterilized needle Following this he had a 
succession of small “boils” m the perianal region which opened and left dischaiging 
sinuses surrounding the posteiior commissuie of the rectum 

In November 1934 he was opeiated on for a horseshoe-shaped fistula The 
internal opening was not found at that time, but the tracts around the rectum 
were dissected out He returned for dressings, and on several occasions the 
surgeon was said to have removed “proud flesh” from the site of the operation 
His parents are living and well, and ten brothers and four sisters are all alue 
and in apparent good health 

On examination the local area presented granulating tissue and discharging 
sinuses on both sides of the rectum Four daj'^s later he was operated on The 
internal opening of the fistula was located and the usual operation performed 
The postoperative course was une\entful, and the man left the hospital m ten 
dacs apparently cured He was to return for dressings It was noticed that the 
areas of operation weie gradualh filling up with what appeared to be exuberant 
granulation tissue This tissue m five weeks grew from a flat ele\ated tissue to 
a cauhflower-hke mass about the size of an orange He was then rehospitahzed 
During the intenal between the tw'O admissions the patient felt well, he had 
no loss of weight, no tenesmus, no obstiuctive symptoms and no bleeding but 
complained of the discomfort from the presence of the mass on sitting and walking 
Digital and proctoscopic examination revealed no ulceration or other changes 
of the rectal mucosa and no internal masses There were no enlarged glands The 
external mass w'as elliptic and measured 1 1 5 In 6 2 cm It was covered by crusts 
of drj exudate and appeared to arise from the area of the dissected tract, follow- 
ing exactly the lines of incision in the left perianal region, crossing the posterior 
commissure, and then continuing for a short distance on to the right side 

Biopsies were taken from five different areas of the tumor Roentgen exami- 
nation of the bones of the pelvis, both shoulders and the chest show’ed no abnormal- 
ities The Kahn and Frei tests w'ere negative 

Microscopic examination showed a large collection of spindle-shaped cells con- 
forming m all respects to the spindle-shaped cells seen in sarcoma There were 
collections of small round cells and a few' pob'morphonuclear cells, showing 
secondar}' inflammatory invasion 

We could find only two references m the literature to sarcoma arising from 
fistulous tracts, that is, if we disregard the usual rectal and anal sarcomas 
Malherbe recorded “sarcoma of the ischiorectal fossa m a woman of SO with also 
a primary sarcoma of the buttocks ” 

The etiologv of this primary sarcoma raises the question w'hether the tumor 
arose from the granulation tissue or directh from fistulous tracts that had under- 
gone malignant changes, or whether inflammation was an etiologic factor in the 
lesion Dr James Ew'ing treats this question as follows “Many clinical observa- 
tions point to the development of sarcoma from granulation tissue, It seems highly 
piobable also that sarcoma, like carcinoma, arises through exaggerated inflamma- 
tion and regeneration overgrowth of tissue cells” 

DISCUSSION 

Lionel S Austeu Were further biopsies made on tissue taken from different 
areas, and is there any roentgen evidence of the site of origin? 

Joseph G Lew Biopsies were made on specimens taken from three different 
sections of the tumor, but no x-ray picture to find out the origin was taken, only 
one to determine whether these were metastases It appears as if it arose entirelv 
from the fistulous tract The tumor sui rounds the anal orifice on the left side, 
goes around the posterior commissure and down on the right side where the tracts 
were excised I wonder if m anv w'av the fistulas were the etiologic agent 

Lionel S Auster That brings out the question I had in mind Every once 
111 a w'hile there have been reported m the literature instances of so-called sarcoma 
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of the skin in which on closer examination of the picture or the slides one can 
definitely demonstrate that the tumors are epithelial growths which have taken on 
a somewhat spindle-celled appearance In some of them there has been evidence 
of histogenesis from the basal layer They look like spindle-cell sarcoma, but in 
some areas there is a definite epithelial structure, and in view of the fact that this 
patient had sinus tracts, the tumor might have originated in the lining of one of 
these, stimulated by the infection and trauma 

Solomon Weintraub I think the epithelial-like cells which are present here 
really represent a secondary infection A number of round cells can be seen m 
the microscopic slide, but there is no evidence of this in the photograph There 
was a superimposed infection 

Methods of Grading Mammary Carcinoma Compared with the Clinical 
Outcome Lawrence Sophian (by invitation) 

All records of cases of carcinoma of the female breast at Roosevelt Hospital 
in which a radical operation bad been done and a clinical follow-up of ten years 
or longer was available were analyzed histologically There were 124 such cases 
Examination revealed that 69 per cent of the patients had metastatic involvement 
of axillary nodes at the time of operation Following the example of Haagensen, 
I graded the cases separately by growth characteristics size of nuclei, variability 
in nuclei as to shape and size, adenoid arrangement, frequency of mitosis, presence 
of secretion, degree of fibrosis and hyalinization, and number of lymphocytes invad- 
ing the tumor When papillary formation, comedo type of growth or gelatinous 
degeneration was present note was made of it Each factor mentioned was in each 
case given a number, 1, 2 or 3, indicating the degree of departure from normal 
and, presumably, the degree of malignancy The size and shape of the nuclei were 
determined comparatively by making camera lucida drawings under a magnification 
of 400 times for each slide The nuclei were thought to be more sharply outlined 
and less subject to artefact than the cytoplasm Small nuclei were graded 1 and 
large ones 3 Those of uniform shape and size, whatever their size, were likewise 
graded 1 as to variability Departures from this constancy were graded 2 and 3 
Adenoid arrangement was accorded only two grades since well formed and constant 
gland formation was rarely found The frequent, although inconstant, presence of 
adenoid structure was graded 1-2 and the absence of adenoid structure 3 

Secretion was estimated by vacuolation and clarity of cytoplasm, and its presence 
was noted by a grade of 1 if abundant and 2 if moderate in amount 

Mitoses were roughly counted by high power fields If several were present 
in each field grade 3 was given If a mitosis was found in practically every field 
the grade was called 2, and if there was difficulty in finding any mitoses the 
grade was called 1 

Fibrosis was graded 1 if abundant, with hyalinization present, and 3 if scanty 
and without hyalinization Lymphocytic infiltration was graded 1 if abundant and 
3 if scanty, m view of the theory of MacCarty that these are defensive factors 
These comparisons brought out the following facts The percentage of axillary 
metastases was definitely higher in grade 3 than in grade 1 in regard to nuclear 
size, nuclear variability, secretion, adenoid arrangement, number of mitoses and 
lymphocytic infiltration The greatest variation was m the grading by adenoid 
arrangement, in which almost twice as great an incidence of axillary metastases 
was found in the group of carcinoma simplex as in that of adenocarcinoma 

In the relatively homogeneous group of cases without axillary metastases there 
were a higher percentage of living patients and a longer span of life for the patients 
who died in the group graded 1 than in the group graded 3 in regard to nuclear 
size, nuclear variability, adenoid arrangement, secretion, mitosis and Ijmphocytic 
infiltration The grading by fibrosis showed the most favorable cases in grade 3 
In order to combine the factors found useful m grading, the total grade was 
obtained by adding the individual grades together for the four major criteria — 
nuclear size, nuclear variability, adenoid arrangement and mitotic frequency Since 
these could each range from 1 to 3 the totals could range from 4 to 12 Favorable 
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factors such as abundant secretion or papillary arrangement or comedo fo^ation 
were given some weight bj reducing the total by 1 for each such factor The to a 
grade was then given as 1 when the sum of all factors was less than /, as 2 when 
the sum was from 7 to 9, and as 3 when it was 10 or more \\ hen the clinical 
cures m the 124 cases followed ten jears or longer were charted by these groups 
It was found that 34 per cent of the patients m the grade 1 group were alne at 
the end of the period as against 19 per cent of those in the grade 2 group and 13 
per cent of those m the grade 3 group The influence of the presence of more 
cases in whicli there were no a'x.illarj metastases in the grade 1 group is seen if 
only the cases in which there were axillarj'' metastases at the time of operation 
were charted After ten years only 7 per cent of the patients were alive in each 
of the three grades The length of life w'as, howeier, greater in the group ivith 
grade 1 carcinoma than m that with grade 2, and in that with grade 2 than in 
that with grade 3 

The importance of grading, therefore, is greatest m determining the prognosis 
for cases without axillarj'' metastases The fa^ orable influence of adenoid arrange- 
ment on clinical outcome is due to the relative infrequencj of axillary metastases 
at the time of operation in this group 


DISCUSSION 

Robert Chambers What is the relation between nuclear size m these i anous 
grades of tumors and that m the normal mammary gland’ In connection until 
the deaths due to metastases, is there am regularity as to where metastases occur’ 
Ir-ving Graef Were anj of these patients treated with radiation before 
operation ’ 

Law'rence Sophian The grade 1 size of the nucleus corresponds to the 
size of the normal nucleus of the epithelium of the mammarj gland 
Robert Chambers That is the largest’ 

Law'rence Sophian No, it is the smallest I took it merely according to 
what had previously been written that large cells are thought to be abnormal and 
more malignant, and that small cells belong to grade 1 These nuclei are betu'een 
4 and 6 microns in diameter and are about the size of the normal mammarj' 
epithelial nuclei As far as the presence of metastases in various parts m the fatal 
cases goes, I did not have a high enough percentage of autopsies to make a 
reasonable estimate, but clinically the greatest occurrence of metastases was in 
the pleura, the second greatest was m the liver, and the third w'as m the bones 
None of these patients receued preoperative radiation, some received post- 
operative radiation 


Studies of Melanoma in Tissue Culture Robert Chambers (by imitation) 

During the past year mj associate, C G Grand, and I have been making a 
study of mouse melanoma in tissue culture, an excellent method for use in the 
identification of the various types of cells found in this tumor, as the cells migrate 
from the margin of the explant and retain their specific morphology 

Fragments of the tumor tend to impart an alkaline reaction to the culture 
medium This alkahnitj' has an inhibitorj' effect on the tumor However, the 
presence of any grozvmg tissue m the vicinity neutralizes the alkalinity, whereupon 
the cells of the tumor migrate and proliferate 

Maaophages —These are the first cells to migrate in large numbers and are 
heavily laden with pigment which, under high magnification, can be seen to be 
in the form of irregularly sized granules and clumps of granules The phagocjtic 
activitj of these cells continues as long as thej are alive, and they readily ingest 
carmine granules placed in the medium even w'hen they seem to be filled with 

disin^egrftmn 
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Tibiocytcs — In a thirty-six hour culture in which out-wandering of cells is 
evident the fibrocjtes begin to be seen They always appear later than the 
macrophages The fibrocytes, even when first seen, contain a dense mass of melanin 
granules clustered about the nucleus in the mam cell bod}’’ The granules are 
seldom, if ever, m the extended cell processes 

Mclanoblasts — These dendritic cells have never been seen in cultures earlier 
than forty-eight, and usually appear only later than se\ enty-two, hours after implan- 
tation The first sign of their appearance is the e' tension of delicate filamentous 
processes from the margin of the explant The time taken for the cell body to 
appear is usually a matter of several days after the processes first come into 
evidence This excessively slow migratorv movement is a characteristic which is 
maintained even after the melanoblasts have migi ated into the medium The 
processes are very slender and long and are frequentlv branched Melanin granules 
are mainly m the periphery of the cell body and in the dendrites, where thej tend 
to be collected in irregular swellings giving the dendrites a varicose appearance 
The constrictions between some of the swellings are \erj’ pronounced The irregu- 
larity in size and the clumped state of the granules in the heavilj pigmented 
melanoblasts are not to be confused with their condition of irregularit}’ m phago- 
cytes and fibrocytes, m which the apparent agglutination is throughout the entire 
cell 

In the hundreds of mouse and in the few human melanoma cultures which have 
been grown m this laboratory we have never obser\ed cells winch even remotely 
maj’’ be identified with epithelium All these cultures have shown a rich supply of 
connective tissue elements with numerous spindle-shaped fibrocj’tes The experi- 
mental evidence included in this paper confirms the generally accepted opinion that 
the dendritic melanoblasts elaborate, while the other cells of the tumor, particularly 
the macrophages, ingest, melanin 

An account of this work appeared in the May 1935 issue of the Amo icon 
Joujnal of Calico, p 36 

DISCUSSION 

Jacob Furth Could ymu make successive passages of the melanoma cultures 
and reimplant them into mice’ Do macrophages perform the same role as fibro- 
blasts in making the explant less alkaline, thus preparing it for the grovv'th of 
melanoblasts^ Do the macrophages come from the parenchyma of the tumor or 
from the blood vessels^ 

Robert Chambers In the case of implantation, that is the usual procedure for 
maintaining our material The culture can be grown for weeks and then be 
planted back into a mouse where it produces tumor growth 

Growing cultures of macrophages will acidify’ the medium, hav’ing an action 
similar to that of the fibrocytes We hav’e had cultures of the bufFy’ coat of blood 
planted with a melanoma, and the cells which grew from it, the monocytes, rapidly 
proliferated and acidified the medium 

The question of the source of macrophages is a moot point They may’ originate 
from the blood v’essels, but they are found in quantities in the interstices of many 
tissues, and m all our tumors we have had more macrophages than any other kind 
of wandering cells In our cultures of kidney’, which has a rich supply’ of blood 
V’essels, very’ few macrophages appear, but plentv of fibrocvtes, while in tumor 
cultures with relatively few blood v’essels we always have an abundance of 
macrophages 

Diffuse Sarcoma of the Endometrium Report of a Case Louise H 
Meeker and G L Moench 

Endometrial sarcoma is divided into the more frequent circumscribed and the 
rarer diffuse tv’pe The case vv’e report is an example of the diffuse type inv’olv’ing 
the entire endometrium 

The surgically removed specimen was a uterus (including the cervix and with 
both tubes and ovaries attached) It was 100 mm in length and 35 by 40 mm 
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in diameter at the cer\ leal end At the fundus it measured approximately 42 by 
35 mm It had been split open, disclosing a uterine canal lined bj' an irregularly 
thickened endcmetrium 20 mm m thickness in some areas The superficial portions 
were gray-green, apparent!} largely necrotic and infiltrated b} purulent exudate 
In the deeper portion there was a gray opaque layer about 5 mm m thickness which 
poorh demarcated the mvohcd endometrium from the underlying mvometnum 
^Microscopically the neoplastic tissue was formed by an edematous diffuse pro- 
liferation of somewhat irregular cells containing large nuclei wnth abundant mitotic 
figures The cells, which often formed poorK defined irregular nests, were spindle- 
shaped in some places and in others presented multiple branches which extended 
to the neighboring cells There w'cre no endometiial glands at any point, and 
epithelial cells were not recognized 

The manner of diffuse grow'th and the t}pe of the neoplastic cells w'arrant a 
diagnosis of diffuse round cell and spindle cell sarcoma arising from the connectne 
tissue of the endometrium 

Discnssiox 

Law'runce Sophian I am somewdiat familiar with the subject of sarcoma 
of the endometrium because about five years ago in the laboratory of Roosevelt 
Hospital w'e had two cases within about ten months of each other both of which 
w'ere of mixed cell tvpes , that is, there w'cre irregular groups of endometrial 
glands embedded in tumor in w'hich the cells w'ere of extraordinary size, and there 
w'as also CMdence of a possible teratomatous origin, i e, foci of cartilage and pos- 
sibl} some striated muscle This is the type of tumor which Wilfred Shaw 
described, it is the type called botryoid sarcoma, and occurs most frequently m 
^oung w'omen and second most frequently m women past 50, beyond the meno- 
pause, both of our patients were in the late 50’s, and I think that m this respect 
the cases correspond to the case of Dr Meeker, with the difference that in these 
sections I see a pure type of growth rather than mixed types I think possibly 
the origin is similar, but in these sections the overgrowth of the more immature 
spindle cell has reduced the structure to an apparently single cell type Both of 
the patients at the Roosevelt Hospital survived the operation but died of recurrence 
or of metastases within the subsequent two year period 
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Rontgenbefund und pathologisch-anatomischer Befund bei Lungenkrank- 
heiten Versuch einer kritischen Vergleichung By Dr med Max Verse, 
o o Professor der allgememen Pathologie und pathologischen Anatomie, 
Direktor des pathologischen Instituts der Universitat Marburg Price, 18 
marks Volume 1, text Pp 96 Volume 2, atlas, with 144 illustrations Berlin 
Otto Eisner Verlagsgesellschaft, 1935 

The purpose of this work was to study roentgenograms of the lungs m com- 
parison with their gross appearance in diseases with marked structural alterations 
Under the most favorable conditions roentgenograms were made of the lungs, which 
were then cut into suitable sections after hardening, and the results of the two 
methods compared carefully In a number of cases roentgenograms of the lungs 
during life were available for comparison also The study includes fifty-four cases 
in all, illustrating the various forms of atelectasis, local circulatory disturbances, 
inflammatory processes, tuberculous disease (primary complex, mfraclavicular foci, 
acute disseminations), Hodgkin’s disease and neoplasms The first volume contains 
the text, m which the cases and the illustrations are described and summarized 
according to groups The second volume contains one hundred and forty-four 
full-page illustrations on special paper, each with a brief legend In most cases the 
roentgenogram is reproduced on one page and the photograph of the gross appear- 
ance of the cut surface on the opposite page All the reproductions are good 
Frequently the lung is shown roentgenographically in both the more or less col- 
lapsed and the fully distended state With the text m one volume and the illustra- 
tions m the other, careful comparative study is facilitated The book will be of 
interest to all who are concerned in the roentgen examination of the lungs It 
illustrates well the advantages that result from cooperation between the roentgen- 
ologist and the pathologico-anatomist The prediction is ventured that Verse will 
be followed by more ambitious attempts along the same lines 

Repertono sistematico dei miceti deH’uomo e degli animali By Arturo 
Nannizzi Price, 100 lire Pp 556 Siena s a poligr Meini, 1934 

There has long been a need for a catalog of the species of fungi Mycologv is 
one of the least well known fields m medicine, and when the pathologist essays to 
determine a species he is generally at a loss as to sources of information Nannizzi’s 
catalog, a 557 page volume in Italian printed on enamel paper and abundantly 
illustrated with first class reproductions, fills this want The diagnosis of each 
species IS recorded in a paragraph, worded in telegraphic style, which avoids unneces- 
sary wading through Italian verbiage While this language is not at the command 
of most American physicians, their knowledge of Latin and of general mjTologic 
terms ease the situation and make the information readilj’’ available with only 
occasional use of the Italian dictionarj'- Unfortunately, references are not included 
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RADIAL INCLUSIONS OF GIANT CELLS 


EDWIN F HIRSCH, MD 

CH K Af.O 


Lesions simulating tubeiciilous oi foreign body gianulation tissues 
and containing giant cells with i osette-shaped inclusions have been 
observed in the human hvei, lungs, spleen and lymph nodes, in sub- 
cutaneous tissues about paraffin, m scai tissues aiound the ducts of the 
mammary gland dilated with letained secretion, m the wall of deimoid 
cysts, in adenomyoma nodules of the uteius, m nodules of the m>o- 
cardium , in scars of the capsule of the spleen , m chronic tuberculous 
lesions, and in certain chi onic inflammations of the skin and subcutaneous 
tissues The natuie of these ladial inclusions in the giant cells has been 
an enigma, and many divergent opinions have been recorded legaiding 
their composition and the significance of the associated lesions The 
historical details are reviewed later, and the immediately succeeding 
paiagraphs describe these gianulation tissue lesions in the lungs, spleen 
or parabronchial lymph nodes of ten bodies and m twenty-six specimens 
of tissues removed surgically and submitted to routine microscopic 
examination The lesions with the giant cells and then radial inclusions 
in the specimens of tissues removed surgically weie incidental and 
piesumably had no i elation to the disorders that impelled the opeiations 


AUiUeSY MATERIAL 

Autopsy 1 -A white man, aged 72, with a chrome infection and concretions 
of the urinary tract, had taken olive oil and other simple remedies by mouth The 
spleen, weighing 290 Gm, had many fibrous nodules 3 to 20 mm m diameter 
These were fibrous granulation tissues containing confluent and discrete structures 
resembling tubercles There were many foreign body giant cells, epithelioid cells 
lymphocytes and plasma cells The giant cells had vacuoles from 6 to 7 microns 
in diameter with minute spherical granules Many of the giant cells contained 
one or t»o rad.al inclusion, from 5 to 20 microns in diamettr (fig 1) A radial 

wared to be eMracellular in one secto, 

Mem!';::, fST" ‘"a K Blaii 

From the Henry Baird Favill Laboratnrv t i > tt 

;w7of ‘'•■'■raVco,srof'.,:Vi::! 




666 


ARCHIVES OF PATHOLOGY 


Fibrous tissues around some of the bronchi and blood vessels of the lungs also 
contained giant cells with radial inclusions, and aggregates of pulmonary alveoli 
were filled with vacuolated fibrin and mononuclear exudate cells (fig 2) Drop- 
lets of oil were demonstrated in such tissues with sudan III The tissues in 
parabronchial lymph nodes were similar to those in the fibrous nodules of the 
spleen 

Autopsy 2 — A white woman, aged 50, died fifteen hours following thjroid- 
ectomy In the fibrous tissues along a few of the blood vessels and bronchioles 
and in the parabronchial lymph nodes uere giant cells with radial inclusions 
associated with a few 13 'mphocytes and mononuclear exudate cells There were no 
lesions in the liver and spleen 



Fig 1 — Photomicrograph illustrating giant cells with radial inclusions 
(autopsy 1) Magnification, X 1,260 


Autopsy 3 — A white man, aged 70, treated about five years for pernicious 
anemia, died of uremia Small clusters of foreign body giant cells with radial 
inclusions were noted about the blood vessels of the lungs The liver, spleen and 
lymph nodes had none 

Autopsy 4 — A white man, aged 47, died of carcinoma of the pancreas One 
of the lungs had subpleural scars containing chronic cellular exudates, and a few 
multmucleated foreign body giant cells in granulation tissues with cholesterol 
clefts Some of the giant cells had radial inclusions The parabronchial lymph 
nodes, spleen and liver had no giant cells 

Autopsy 5 — Routine microscopic examination of the tissues in the body of a 
white man, aged 46, who had had hypertension and clinically and anatomically a 
spontaneous cerebral hemorrhage on the right, disclosed a few large vacuolated 
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giant cells with stellate inclusions in the parabronchial lymph nodes, but none in 
the sections of the lungs and other tissues examined 

Autopsy 6 —A white man. aged 72, who had had diabetes for many years, died 
of acute generalized peritonitis following perforated chronic ulcerative cholecystitis 
He had used liquid petrolatum for constipation and an oil spray for catarrh of the 
nose Routine microscopic examination of the lungs disclosed vacuolated exudates 
in the alveoli and bronchi Along the margin of the vacuoles were foreign body 
giant cells Similar clusters of vacuoles were discovered in the periportal tissues 
of the liver, in the sinusoids of the spleen and in the parabronchial lymph nodes 
Sections of the spleen and liver suitably stained demonstrated that these vacuoles 
originally contained an oil The tissue reaction about these droplets of oil was 



Fig 2 — Photomicrograph illustrating the vacuolated exudates in the lungs m 
autopsy 1, presumably where droplets of liquid fat had been dissolved during the 
staining procedures Magnification, X 620 


slight in the various places mentioned, but in tbe parabronchial lymph nodes were 
a few foreign body giant cells with large vacuoles and a large stellate inclusion 
Autopsv 7 — An emaciated white woman, aged 39, for many years had had 
pulmonary tuberculosis, mainly of the left lung Spatially distributed over three 
months and seven davs to suit the physical conditions of the patient, three thora- 
coplastic operations were performed on the left posterior region and two on the 
anterior region Within a few hours after the last operation the patient became 
unconscious, dyspneic and cyanotic and slowly died Droplets of fat were demon- 
strated in the capillary and precapillary bed of the right pulmonary artery and 
in dilated sinusoids of the liver at the periphery of some of the lobules The 
parabronchial lymph nodes had focal masses of epithelioid cells resembling tuber- 
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culous nodules or tissue reactions caused b 3 ' fat Apart from these lesions were a 
few vacuolated foreign body giant cells with stellate inclusions 

Autopsy 8 — A Negro, aged 67, died of an infarct (thrombosis) of the brain 
There was hyperplasia of the large mononuclear cells m the parabronchial and 
biliary ( ^) Ivmph nodes These Ij'mph nodes contained also a few widelj' scat- 
tered giant cells, some with stellate inclusions 

Autopsy 9 — A Negro boy, aged 8 years, died of acute confluent bronchopneu- 
monia In the upper pole of the spleen was an encapsulated mass of necrotic tissue 
4 by 0 8 b}' 0 8 cm In the necrotic tissue debris were many mossy cr 3 'stals with 
golden-brown pigment and of the size mentioned There was no granulation tissue 
reaction about them 

Autopsy 10 — The tissues of a biliary lymph node (supplied by Dr E R 
Le Count) contained clusters of large and small vacuoles About the vacuoles 
were foreign body giant cells, some with a stellate inclusion The fibroblastic 
tissue reaction was slight 


SURGICAL arATLRI \L 

Specimen 1 {Lymph Node) — A housewife, aged 58, had noted a painless 
lymph node m the left supraclavicular fossa of the neck increase within a 3 'ear 
to 4 b 3 ' 3 b 3 '’ 2 cm The skin was not involved, and three other nodes, freelv 
movable, were 1 cm m diameter The large node was removed The tissues 
were tuberculous, but also contained vacuolated giant cells, a few with one or 
two radial inclusions The scar tissues had invaded the fat around the Ivmph 
node 

Specimen 2 (Thytotd Tissues) — Thyroid tissues weighing 90 Gm with marked 
glandular hyperplasia were removed from a man, aged 45 In one block was a 
mass of scar and granulation tissues containing cholesterol slits, and a few 
vacuolated giant cells with radial inclusions One radial crystal seemed to be 
extracellular 

Specijien 3 (Thyio'd Tissues) — Thyroid tissues with marked glandular 
h 3 "perplasia and weighing 102 Gm ivere removed from a white woman, aged 47 
In chronic granulation tissues from a necrotic portion were mononuclear phago- 
cytes with blood pigment and several giant cells with radial inclusions 

Specimen 4 (TJiyioid Tissues) — Th 3 'roid tissues weighing 94 Gm , a recurrent 
goiter, were removed from a Negress, aged 54 There was glandular h 3 ^perplasia 
with recent and old hemorrhages The old hemorrhages had organized into scars 
containing mononuclear phagoc 3 tes with blood pigment, granular debris with 
cholesterol slits and a few foreign body giant cells some with radial inclusions 

Specimen 5 (Thytoid Tissues) — A fluctuant mass of thyroid tissue weighing 
60 Gm was removed from a Negress, aged 41 It was mainly an adenoma altered 
bv hemorrhages, edema, necrosis and organization The granulation tissues con- 
tained multinucleated foreign body giant cells, some with radial inclusions , also, 
coarse green and 3 ^ellow threadlike masses (iron-encrusted fibers or iron-salt 
precipitates ^) 

Specimen 6 {Thyioid Tissues) — Th 3 'roid tissues from a white woman, aged 
58, weighed 86 Gm Granulation tissues in an adenoma contained tissue debris 
with cholesterol slits and giant cells with stellate inclusions 


1 Askanazy, M , and Bamatter, F Centralbl f allg Path u path Anat 
43 337, 1928 
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Specimen 7 (Thyioid Tissues) —Thyroid tissues weighing 255 Gm were 
removed from a white woman, aged 45 There were diffuse and focal regions of 
glandular hyperplasia One of the latter, 6 cm m diameter, was necrotic, hemor- 
rhagic and partially replaced by granulation tissues In the granulation tissues 
were bizarre fibrillar structures encrusted with lime or blood pigment, and among 
these were foreign body giant cells, some with one or more stellate inclusions 

Specimen 8 (^Mouiuiciiy Gloiid) — A woman, aged 50, had noted a lump in the 
breast for five years A retention cyst 2 5 cm in diameter, and several others, 
3 or 4 mm m diameter, were in the excised tissues A brown mass 3 mm in 
diameter m one of the small cysts contained granulation tissues with cholesterol 
slits and foreign body giant cells wuth radial inclusions from 15 to 20 microns in 
diameter 

Specimen 9 (Tousil) — In a crypt of a tonsil from a white man, aged 30, was 
a 2 mm mass of chronic granulation tissue with vacuolated giant cells containing 
radial inclusions 

Specimen 10 (Fiacliucd Bone) — A gardener, aged 40, fractured the os luna- 
tum of his left wrist A.fter four months the bone was removed in several pieces 
In some dense scar tissues were a few foreign body giant cells with stellate 
inclusions 

Specimen 11 (Utcius) — The body of the uterus and the left fallopian tube 
with hydrosalpinx were removed from a multiparous whiie woman, aged 33 The 
endometrium was from 2 to 4 mm thick and had recent hemorrhages In the 
interstices between the smooth muscle bundles of the stratum submucosum were 
small masses of lymphoid tissue containing foreign body giant cells with radial 
inclusions These lesions extended from 1 to 2 mm beneath the endometrium 

Specimen 12 (Sebaceous Cvsf) — Three sebaceous cysts, from 8 to 20 mm in 
diameter, were removed from the scalp of a man, aged 48 Along the margin 
of one was a mass of foreign body granulation tissue containing cholesterol slits, 
some giant cells with granular inclusion material and a few vacuolated giant cells 
with a large radial inclusion 

Specimen 13 (Dermoid Cyst of the Ovaiy) — A dermoid cyst of the ovary 
was removed from a Negress, aged 56 A mass of chronic granulation tissue in 
the wall contained mononuclear phagocytes with brown blood pigment, many large 
vacuolated cells and several vacuolated giant cells with stellate inclusions 

Specimen 14 (Dcnnoid Cyst of the Ovaiy) — In the wall of a dermoid cyst 
of the ovary, along the edges of large vacuoles such as remain where an oil has 
been dissolved, were vacuolated foreign body giant cells with one or more radial 
inclusions 

Specimen 15 (Scat Tissues) — Scar tissues of a urinary cystotomy fistula 
contained foreign body giant cells with retractile suture material and others vacu- 
olated with one or two radial inclusions, the largest 35 microns in diameter 

Specimen 16 (Scat Tissues) — Scar tissues from another urinary cy^stotomy 
fistula had similar giant cells One radial inclusion was 20 microns in diameter 

Specimen 17 (Sca\t Tissues) — Painful ''neuroma” scars in the stump of a 
left forearm amputated twenty-five years before contained nerve fibeis and focal 
exudates, including one or more foreign body giant cells, some vacuolated and 
with radial inclusions from 3 to 20 microns in diameter 

Specimen 18 tScai Tissues) — The uterus from a woman aged 43 was rough 
with adhesions following a preceding laparotomy Peritoneal scars from 1 to 5 
mm in diameter contained epithelioid cells, a few plasma cells and leukocytes, 
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some giant cells with suture material and others with stellate inclusions 15 microns 
m diameter 

Specimen 19 {Scat Tissues) — An old laparotomy scar adherent to the omen- 
tum was excised from a woman, aged 30 The scarred fat tissues contained for- 
eign body giant cells with suture material inclusions and a few with radial 
inclusions 

Specimen 20 (Scat Tissues) — Scar tissues removed from an old empj'ema 
of the chest of a man, aged 39, contained large vacuoles Along the margin of 
the vacuoles were multinucleated giant cells, some vacuolated, others with stellate 
inclusions 

Specimen 21 (Scat Tissues) — A fistula of the right epididymis in a man, aged 
40, had drained for sixteen years The excised granulation and scar tissues con- 
tained a few giant cells with refractile suture material and a few vacuolated 
with a single radial inclusion 

Specimen 22 (Scat Ttsstics) — Nodules from the peritoneum of a Negress, 
aged 38, contained fat and metastatic glandular carcinoma A mass of foreign 
body granulation tissue encompassed granular debris with manj' cholesterol clefts 
There were numerous mononuclear phagocytes with brown blood pigment and 
clusters of foreign body giant cells A number of these contained small stellate 
inclusions 

Specimen 23 (Scat Tissues) — Periarticular fat removed from a woman about 
seven years after an injurv to her knee contained regions of necrotic fat and 
granular debris The granulation tissues around the necrotic tissues had many 
mononuclear phagocytes, some vacuolated and others with granular blood pigment 
and mossy golden-brown rosettes 10 microns in diameter Other rosettes, from 
20 to 30 microns m diameter, were encompassed by large epithelioid cells 

Specimen 24 (Scat Tissues) — Old scar and fat tissues about fistulas of osteo- 
myelitis of the right femur contained a few foreign bodj giant cells with radial 
inclusions 

Specimen 25 (Paiaffiti Scar Tissues) — Scars of the face caused by injections 
of paraffin (?) seven years before excision contained large and small v'acuoles 
Along the margins of the vacuoles vv'ere foreign body giant cells, a few vvnth 
stellate inclusions 

Specimen 26 (Paiaffin Scat Tissues) — Paraffin injected into the right groin 
of a man, aged 43, failed to correct an inguinal hernia The scar tissues about 
these masses of paraffin contained large and small vacuoles, and along the edges 
of the vacuoles were foreign bod 3 '^ giant cells, some vv'ith radial inclusions 

HISTORICAL RESUM L 

Goldmann,- m 1890, seems to hav'e written the first description of radial inclu- 
sions in giant cells He saw them in histologic preparations of the vv'all of a 
dermoid cyst of the neck taken from a man, 25 years old Ribbert examined the 
wall of a cyst of an omentum that Ris ^ had removed and noted in the tissues 
clefts such as remain where cholesterol has been dissolved and giant cells with 
radial inclusions The same year, De Buck and Broeckaert ^ described inflamma- 

2 Goldmann, E E Beitr z path Anat u z allg Path 7 553, 1890 

3 Ris, F Beitr z klin Chir 10 423, 1893 

4 De Buck, D , and Broeckaert, J Bull Acad roy de med de Belgique 
17 890, 1903 
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tory reactions around paraffin in the tissues of a jouth, 17 years of age They 
illustrated radial inclusions within giant cells like those described by Goldmann 
and Ris 

Wolbach,= in 1911, published abstracts on five postmortem examinations in 
which visceral masses of chronic granulation tissue containing giant cells with 
radial inclusions had been observed The first postmortem examination was that 
of the bodj of a woman, aged 65, who died fifteen days after resection of a car- 
cinoma of the colon In masses of fibrous tissue along the interlobular septums 
of the lungs and about the bronchi and large vessels were giant cells with radial 
inclusions The second examination was that of the body of a man, aged 72, with 
chronic urinary cystitis and carcinoma of ithe neck which was considered metas- 
tatic from a primary growth in the nasopharynx Giant cells with radial inclu- 
sions were present only in the parabronchial lymph nodes In the lungs of another 
man, 39 years old, miliary lesions contained giant cells with radial inclusions 
Similar giant cells were in the bronchial lymph nodes The spleen, the liver and 
the lymph nodes of the neck, mesentery and prevertebral tissues of a woman, aged 
49, with exophthalmic goiter, had lesions containing giant cells with stellate 
inclusions In the fifth instance of visceral lesions m Wolbach’s report the lesions 
were in the lungs, spleen and liver of a woman, aged 49 Death was caused by 
a cerebral hemorrhage In his discussion Wolbach referred to similar cell inclu- 
sions in tissues of a giant cell sarcoma furnished by Dr F B Mallory Many 
giant cells in this preparation contained one or several hyaline spherules with 
radiating, delicate curved and straight spines 

Vogel,® in 1911, reported lesions containing giant cells with radial inclusions 
in the lungs of a boy, aged 11 years Scattered in both lungs almost comaletelv 
airless, were small gray tough nodules and bands resembling miliary tubercles 
Their distribution corresponded to the terminal branchings of the smallest bronchi- 
oles No tuberculous lesions were present Histologic examination demonstrated 
desquamated alveolar epithelium and obliterated terminal bronchioles Only seg- 
ments of the larger bronchioles remained, other portions were replaced by con- 
nective tissue which extended into the lumens Giant cells with one or more 
radial inclusions were in the perivascular and peribronchial connective tissues 
Vogel reported these as unusual foreign body giant cells with bronchiolitis obliter- 
ans Cyanosis, dyspnea and a dry cough were some of the clinical symptoms 
In discussing the obliteration of ducts in the mammarj' gland and the retention 
thereby of fatty substances, Letulle mentioned the presence of giant cells with 
stellate inclusions in granulation tissues around the gland tubules Iwanroff ® 
observed lesions containing giant cells with radial inclusions in a large adenomy- 
oma of the uterus of a woman aged 50 Some of the larger myoma nodules con- 
tained focal lesions the size of a submiliary tubercle, composed of lymphocytes 
and giant cells with radial inclusions Ernst® noted giant cells with radial inclu- 
sions in a preparation mounted in balsam, which he said resembled those described 
by Wolbach and others Hummel i® observed many nodules of chronic granula- 
tion tissue with giant cells containing radial inclusions in the lungs and a few in 
the spleen of a woman, aged 52, who had worked for many years in a pottery 

5 Wolbach, SB J M Research 24 243, 1911 

6 Vogel, Karl Virchows Arch f path Anat 206 157, 1911 

7 Letulle, M Rev de gynec et de chir abd 19 401, 1912 

8 Iwanzoff, P Beitr z path Anat u z allg Path 52 202, 1912 

9 Ernst, Paul Beitr z path Anat u z allg Path 53 429, 1912 
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shop A chronic cough present before she engaged in this occupation became 
worse Firket saw giant cells with asteroid inclusions and cholesterol clefts 
in the connective tissues of an encapsulated colloid carcinoma of the neck and 
also in the tissues of the nose around masses of paraffin Kranzfeld reported 
fibrous nodules containing scar tissue and man}' multinucleated giant cells with 
radial inclusions in the capsule of the spleen of a man, aged 20, who died vith 
acute generalized peritonitis secondary to appendicitis Hervheimer and Roth,^^ 
in their analysis of the finer structure and genesis of epithelioid cells and giant 
cells in tuberculosis, commented briefly on giant cells with radial inclusions They 
had observed these cells once in chronic tuberculous tissues, twice in dermoid 
cysts of the ovary in parts of the wall containing large cells and giant cells filled 
with fat and lipoids, which suggested a pseudoxanthoma, and once in lupus pernio 
of the skin 

Diss recorded two lesions containing giant cells with radial inclusions One 
was a subcutaneous node that developed slowly and without ulceration of the skin 
in the forehead of a woman, aged 65 The excised tissues consisted of mfl^mma- 
torv nodules which had elevated and thinned the skin and had infiltrated the entire 
thickness of the frontal muscle In the second instance there were nodules in the 
myocardium of a woman, aged 46, who had died of pulmonary tuberculosis Diss, 
in his report, referred to an observation by P Masson of similar giant cells with 
radial inclusions An unsuccessful search for a record of this observation m the 
usual indexes of the medical literature prompted a letter of inquiry to Dr Masson 
In his reply he stated “When my assistant, Dr Diss, was preparing his report, 
I showed him various tissues containing giant cells with radial inclusions in mv 
own personal collection, and in particular a cancer of the breast with an abundance 
of these cells m an old hemorrhage in the process of resorption This is the cancer 
to which Diss has alluded, but I have never published an account of the observa- 
tion I have seen these asteroid bodies several times and always within a necrotic 
hemorrhagic focus, and thus m the presence of disintegrating blood which to me 
seems indispensable for their production ” 

Frothingham,^® m 1929, in a report of progressive thrombosis of the smaller 
branches of the pulmonar}' arteries in a woman, aged 38, described tubercle-like 
lesions of mononuclear and giant cells in the pleura and interlobular septums adja- 
cent to blood vessels and bronchi Some giant cells contained the stellate inclu- 
sions described by Wolbach The histology and distribution of the lesions m the 
lungs were identical with those in Wolbach’s report Similar lesions were m the 
liver Two illustrations of giant cells with radial inclusions appear in Mallory’s 
text He stated that “spiculated bodies” had been seen in the spleen in a few 
instances, enclosed in endothelial leukocytes and giant cells The lesions resembled 
miharj' tuberculosis but were without necrosis The bodies seemed chemicalh 
fibrinoid They were not the cause of the lesion, which was probablj of infectious 
origin, but were a secondarj' formation Stoddard and Cutler observed in 

11 Firket, C Virchows Arch f path Anat 215 454, 1914 

12 Kranzfeld, M Frankfurt Ztschr f Path 15 297, 1914 
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W B Saunders Company, 1914, pp 207 and 613 

Rockefeller Institute for Medical Research, 1916, p 55 
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Torula-infected lung tissues giant cells with stellate masses, which they considered 
the same as those described by Wolbach in the spleen 

The accounts mentioned state that the lesions containing giant cells 
with laclial inclusions are essentially chronic gianulation tissues like 
those caused by a foreign body The dimensions of the giant cells 
vary, but are about the same as those of the Langhans’ giant cells in 
tubeicLilous lesions The cytoplasm of the giant cells is vacuolated and 
ladial inclusions are not present in all The inclusions seen by Ris 
were from 15 to 25 micions m diameter, those seen by Wolbach, fiom 
5 to 25 microns m diameter Fine or coaise spines radiate fiom a 
central, compact, round, oval or elongated nucleus , these are fiom fifteen 
to thirty in number, according to Vogel, oi less (Wolbach) When the 
number is small and the inclusion large, the spines are coarse, when 
there aie many, they are fine A single giant cell may contain one oi 
several The inclusions generally are found in a clear part of the 
cytoplasm The spines of some radial inclusions extend straight from 
the centei , others are curved distally with ends bent, as though the 
inclusions were confined in a place less than their diameter Wolbach 
alone reported extracellular radial structures 

The nature oi origin of the ladial inclusions is not definitely stated 
m various reports Most authors limit themselves to descriptions of the 
appearance of the structures, the staining qualities and solubility reac- 
tions The conclusion that all the reports concern ladial structuies of 
the same type is presumptive, but the illustrations and descriptions favor 
the opinion that, although they are present in various parts of the body, 
they aie essentially the same The original description by Goldmann 
referred to the inclusions as fat crystals, an opinion rather than a con- 
clusion derned from tests Ribbert, in the report by Ris, is quoted as 
having stated that the inclusions were not crystals oi echinococcus 
booklets but resembled molds (undeveloped spores and filaments) 
De Buck and Broeckaert considered them hypertrophied centrosomes oi 
asters 

Wolbach tested the solubility of the radial inclusions m acids and 
alkalis and found them insoluble He noted that the radial inclusions 
in formaldehyde-fixed material were not blackened with silver nitrate, 
were not colored with iron-hematoxylin and Weigert’s elastic tissue stain 
and did not react with fat stains No qualitatn'^e test for non was 
obtained The best stain was Malloiy’s phosphotungstic acid-hema- 
toxyhn method, which colored them dark purple Because of this 
staining quality, M^olbach discussed their formation fiom fibrin or fibrin 
derivatives, but did not state definitely that this was their origin 
Although Wolbach observed some of the radial structuies in the sinuses 
of l}’mph nodes, he concluded because of the rarity of this and because 
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the small forms were m mononuclear cells and the larger only m giant 
cells that there was an actual increase in the size of the inclusions after 
they were taken up by endothelial cells, and that giant cells formed 
as the inclusions increased m size Vogel used many dyes and tests in 
trying to determine the nature of the inclusions He observed that only 
elastm stains were effective They failed to react with stains for fat, 
amyloid, iron and glycogen They were insoluble in acids and alkalis and 
were not doubly refractive The Bielschowsky stain was mentioned, but 
the lesults with this technic were not recorded 

Vogel, 111 speculating on the cause of the bronchiolitis in his patient, 
wondered whether some iiiitant had been aspirated, causing the scarring 
and pneumonia, and then had crystallized m the lungs, stimulating the 
foimation of giant cells The medication given at home was linden tea 
and cod liver oil This search foi clues being unsatisfactory, Vogel 
considered that possibly the inclusions were deiivatives of elastm, but 
concluded finalty that the}'' consisted of a substance with staining reac- 
tions like elastm He also was undecided whethei the radial inclusions 
as foreign bodies stimulated the giant cells or were crystalline products 
within the cells The repoit by Ernst is limited to the examination of a 
tissue piepaiation mounted m balsam He thought that the radial 
inclusions might be cholesterol Letulle considered the inclusions parts 
of engulfed elastic tissue fibeis Iwanzoff, following a discussion of 
vaiious possibilities, believed some degenerative pioduct of cells the 
most likely origin of the inclusions Then, aftei a comment on the 
similarity between Wolbach’s illustiations and those by WakabayashH® 
of the astrospheies m tubeiculous and other giant cells, he expressed the 
conviction that the inclusions were degenerated astrospheres His material 
did not pel lint him to confiim this idea Aschoff,^'’ commenting briefly 
on Iwanzoff ’s report, disagi eed with Ribbei t’s opinion that the inclusions 
were undeveloped poitions of a mold, but offered no opinion of his 
own Hummel, from the results of staining reactions, concluded that 
the radial inclusions weie crystalline piecipitates that resembled changed 
elastm Certain differences in staining reactions led him to believe that 
they were not elastm fibeis The “foamy” structure of the giant cells 
fuither suggested to Hummel that the origin of the radial inclusions was 
probably the crystallization of some unidentified substance in the cell 
Firket concluded that the radial inclusions were not a retrogressive 
product of elastic fibers but had arisen m the giant cells through a differ- 
entiation of the mitomes, which differentiation was related to the 
vacuolation of the protoplasm Kranzfeld believed that these radial 
structures were probably the result of a distuibance in karyokmesis or 
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pa,tliologic cLstv osplicrc fornicitions HErxliGiincr cincl Rotli 
stated that m a degeneiative piocess of the giant cells the protoplasm 
becomes fluid and vacuolated Substances pi obably pi otein in natui e 
with the staining qualities of elastin crystallize as radial stiuctures about 
a nucleus which is some other substance — possibly hpin mateiial, lib- 
erated by the changes in the protoplasm The idea of a lipin substance 
acting as a nucleus was derived fiom the observation that some of the 
radial structuies had a cential compact granule which could be stained 
by the Fischler and the Loirame-Smith methods Diss expressed the 
belief that the asteroid bodies resulted from the precipitation of a 
protoplasmic substance consequent to changes in the colloidal equilibrium 
of cellular protoplasm 

An analysis of the places in the body with lesions containing giant 
cells with radial inclusions discloses that they are ( 1 ) focal in tissues 
abundant with fat (Goldmann, Ris, De Buck and Broeckaert, Ernst [7], 
Letulle, Firket, Diss, Kranzfeld [^], Herxheimer and Roth) , and (2) 
systemic in visceral tissues such as the lungs, spleen, hvei and lymph 
nodes (Wolbach, Vogel, Hummel, Frothingham) The anomalous 
places where they have been observed are an adenomyoma of the uterus 
(Iwanzofi:) and the myocardium (Diss) The distribution of the 
lesions in the lungs is in the peribronchial or bionchial tissues (Wolbach, 
Vogel, Frothingham) , in the spleen, within the pulp tissues (Wolbach), 
and in the liver, along the portal canals (Wolbach, Frothingham) 

In summary, the inclusions are reported to be insoluble in potassium 
hydroxide and mineral acids (Wolbach, Iwanzoff, Vogel, Herxheimer 
and Roth) and in all the reagents used in fixing, embedding and staining 
the tissues They do not react with scarlet red (Wolbach, Herxheimer 
and Roth) , osmic acid (Wolbach) nile blue and sudan III (Hummel, 
Herxheimer and Roth) , the Fischler and Lorraine- Smith methods, 
excepting the central body (Herxheimer and Roth), and fat stains not 
specifically mentioned (Vogel) They do not contain iron (Wolbach, 
Vogel), amyloid and glycogen (Vogel) or mucin (Hummel) They 
are isotropic m polarized light (Vogel, Herxheimer and Roth) , they do 
not reduce (formaldehyde-fixed tissue) silver nitrate (Wolbach), and 
they stain with elastin stains, such as fuchsm and safranme (Vogel, 
Herxheimer and Roth), and especially with the purple component of 
Mallory’s phosphotungstic acid-hematoxyhn stain (Wolbach) 

Wolbach noted that some parts of the inclusions stained differently 
from others With phosphotungstic acid-hematoxylin, a central body 
and the spines stained dark blue, and the material which surrounded the 
central body and from which the spines radiated stained pale brown The 
individual spines consisted of a peripheral purple material and a core 
continuous with the material surrounding the central body The tips of 
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the spines stained solidly Stiong reagents decoloiized the cential body 
from the peiijdieiy im\ard, the spines were less lesistant to decoloriza- 
tion The spines and central body stained deeply by the Gram method , 
the mtei veiling mateiial, with the conntei stain Herxhenner and Roth, 
noting that the cential gianule of some radial stiuctures stained with the 
Fischlei and the Loiiame-Smith methods, concluded that this poition 
was lipin 

The results of such contrasting stains demonstiatmg affinities foi 
both dyes oi at least a pionounced affinity of certain paits for one dye 
over the other, and, to some extent, the decolorization tests, suggest that 
the inclusion mateiial is a complex of something with crystalline foim 
and a substance oi substances which impart staining affinities to the 
peiipheiy and cential mass, and that decoloiizmg agents such as acid 
alcohol and potassium permanganate followed by oxalic acid may lemove 
the substance oi substances lesponsible foi the staining qualities but 
leave the inclusion largely intact 

EXPERIMENTS 

Many of the miciochemical tests and staining piopeities of the ladial 
inclusions summaiized in these paragraphs were verified wuth sections of 
the spleen tissues in the first postmoitem examination described The 
inclusions stained daik purple with phosphotungstic acid-hematoxyhn 
They did not stain wnth sudan III (formaldehyde-fixed tissues) , they 
w^eie not blackened by the Bielschowsky stain, and the}'- did not react 
wnth the microchemical tests for iron, calcium oi uric acid The 
inclusions and the cell structures of the tissues lost then affinity foi the 
puiple component of the phosphotungstic acid-hematoxyhn stain b} 
leaching with normal sodium hydroxide-solution Then shape lemained 
intact This suggests that the inclusions aie impregnated wath a sub- 
stance having a marked affinity for the purple component of the stain 
which IS not necessaiily the inclusion material itself Wolbach noted 
that a small spherule in the center, the edges and tips of the spines 
stained purple, the body portions, pale brown 

The configuration of the inclusions in the giant cells is ciystalhne 
Goldmann, who w'lote the original description, considered them crjstal- 
hne fat, Vogel and Hummel believed them to be an undetei mined 
crystalline substance If the radial structures aie crystals, and such an 
inference is reasonable, the crystalloid came into the tissues in solution 
and separated according to law’-s governing crystallization These state 

20 Walker, James Introduction to Ph>sical Chemlstr^ New York, The 
^lacmillan Companj^, 1922 Shade, H Munchen med Wchnschr 58 723, 1911 
Wells, H G Chemical Pathology, ed 4, Philadelphia, W B Saunders Company, 
1920, p 452 
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that the solubihtj of substances in solution vanes with the tempeiatuie, 
and that at a given tempeiature the solvent may be unsatuiated, satuiated 
01 supersatuiated An unsatuiated solvent becomes satuiated oi supei- 
saturated at a definite temperature by solution of moie of the substance 
or by concentiation of the solvent volume Fiom supersatuiated solu- 
tions the solid sepaiates around micellae, and if a ciystalloid, it is in 
ciystals The size and number of these depend on the speed of sepaia- 
tion , some are single, and others ai e j oined in a compact ci ) stalhne 
mass 

Solids colloidally distributed in aqueous systems separate in laminae 
on the iniiei sui faces of containeis or in concentiic layeis about floating 
micellae Each layei of the solid colloid coi responds usually to a phase of 
separation Laminated concretions foim m aqueous systems even when 
a crystalloid as well as a colloid sepaiates from solution, and the colloid 
framework is impregnated so intimately with the ci>stalloid that micro- 
scopically a distinction of structure is impossible Fibrin dissolved in 
the minimal quantities of from 0 07 to 0 1 per cent confers the laminated 
sti ucture to a concretion 

The conclusion that the crystalline inclusions of the giant cells 
separated from some supersaturated fluid in the tissues was derived 
from these laws governing crystallization The fluid i cached its state 
of supei saturation in the liody by concentration of the solvent Since 
laminated concretions form in the presence of dissolved protein, the 
original solvent of these radial structures did not contain appreciable 
amounts of colloid, and consequently the system in which the ci 3 '’stals 
formed was not aqueous The deposits of urates in cartilage with gout 
may seem to contradict this statement, but the colloid content of these 
tissues may be small, and urates notably separate amorphous and 
gradually change into the less soluble crystalline form 

These theoretical conclusions weie not correlated as quickly as they 
are here stated Analyses of the spleen in the first postmortem examina- 
tion disclosed no excess of inorganic constituents and purine compounds 
and the concietions of the urinary bladder and kidney were mixtures of 
calcium oxalate, carbonate and phosphate Finally, in digesting 19 Gm of 
moist spleen tissue for analysis a considerable quantity of hpoid material 
was observed on the surface of the nitric acid digestion mixture A 
quantity of lipin, solid at room temperature, was extracted with 
chloroform Chloroform extracts of other hydiohzed spleen tissues 
contained much more of this tan-yellow, greasy hpm material It had an 
odoi resembling h 3 ^drous wool fat, did not react with the acetic 
anh 3 'diide-sulphuric acid test for cholesterol and, mici oscopicall 3 ^ con- 
tained rosette-shaped crystals and needles lesembhng stearin and pal- 
mitin, as well as the ladial inclusions of the giant cells Some 
unsaturated fatty acid was demonstrated by the bromine test The 
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melting point of these fractions ranged between 65 and 75 C A lead 
salt insoluble in ether melted at about 147 C , but this result was not 
confiiined because of the small amount of material available for analysis 
These hpms were recovered fiom many paits of the spleen, not alone 
fiom tissues with fibrous nodules The results of these examinations 
and the determinations of the melting point suggested that the inclusions 
were probably steal m, palmitin or derivative compounds, and that these 
substances were lesponsible for the lesions in the tissues 

When neutral fats aie lodged extracellularly m the body following 
trauma or necrosis of fatty tissues or injection, then oideih disposal is 
distuibed Berner ohseived that subcutaneous fat about abscesses 
had retrogressne changes similai to those occuiring vith fat neciosis 
First acidophilic granules appeared m the fat cells, then rosettes of 
crystals and, finall}, masses of calcium soaps and debris Heyde-- and 
Verebely-^ noted crystalline stiuctures m the reparative changes of 
injured fat tissue, and chiomc granulation tissues containing vacuolated 
phagocytes and f oi eign body giant cells Abrikossofit mentioned 
among the ultimate lesults of the liberation of fat in tissues the forma- 
tion of granulation tissue with tubercle-hke structures and, eventually, a 
scar Embolic fat in the cii dilation maj cause similar tissue reactions 
Wuttig”® injected rabbit fat (melting point, 41 C ) into the liver 
tributaries of the portal vein After from six to ten days he noted 
very little tissue reaction in the capillaries but a marked proliferation 
of the endothelium in the largei branches, and giant cells The large 
bundles of star-shaped and feathery needles, soluble in alcohol, were 
considered stearin and palmitin Smith and \^4ute observed in fatty 
cells, especially of the liver, crystalline forms commonly designated as 
maigarme, marganc acid, steal m oi stearic acid, which were neutral 
fats and not fatty acids 

According to Corper and Freed, mild proliferative changes occur 
111 the lungs of rabbits following intratracheal injections of olive oil and 
liquid petrolatum Laughlen noted similar changes in the lungs of 
children not only when oil was introduced into the trachea but also when 
it was sprayed m sufficient quantities into the nose and throat Pinker- 
ton reported more extensively the effect of oils and fats in the lungs 
of children He later studied experimentally in dogs and rabbits 

21 Berner, O Virchows Arch f path Anat 193 510, 1908 

22 Heyde, M Deutsche Ztschr f Chir 109 500, 1911 

23 Verebely, T Beitr z khn Chir 54 320, 1907 

24 Abnkossoff, A Centralbl f allg Path u path Anat 45 396, 1929 

25 Wuttig, Hans Beitr z path Anat u z allg Path 37 378, 1905 

26 Smith, J L, and White, CP J Path & Bact 12 126, 1907 

27 Corper, H J, and Freed, Harold J A M A 79 1739, 1922 

28 Laughlen, G F Am J Path 1 407, 1925 

29 Pinkerton, Henry Am J Dis Child 33 259, 1927 

30 Pinkerton, Henry Arch Path 5 380, 1928 
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certain phases of this problem He found that oily substances were 
transported from the lungs into the parabronchial lymph nodes and into 
the spleen In the various tissues they stimulated proliferative reactions 
Pinkerton concluded that the original fatty acid content of a fat and 
the speed with which free fatty acids are formed by hydiolysis determine 
the reactive response of the tissues The simple vegetable oils are 
bland, he stated, because they have no free fatty acids and the tissues 
have no specific lipases The animal fats are irritants because moisture, 
warmth and enzymes in the tissues hydrolyze the fat and liberate the 
fatty acids Many authors have mentioned the similarity between the 
lesions of tuberculosis and those caused by fats in the tissues 
Sabin, Doan and Foikner produced lesions in rabbits with the acetone- 
insoluble hpins of human tubercle bacilli, which closely simulated those 
produced by actual infection with Bacillus tuberculosis Saturated fatty 
acids were important constituents of the lipm fractions Various authors 
have emphasized the similarity between the lesions of tuberculosis and 
those containing giant cells with radial inclusions 

Attempts to produce lesions in rabbits comparable to those in human 
tissues by intravenous injections of olive oil, extracted human and 
mutton fats, olive oil containing additional quantities of palmitin or 
stearin, oleic acid with palmitin or stearin, calcium or magnesium pal- 
mitates and steaiates dissolved in oleic acid or m olive oil with sufficient 
quantities of palmitic or stearic acid to effect solution were unsuccessful 
These results indicated that some chemical changes or additional sub- 
stances were necessary in order that such lipin material should stimulate 
the growth of chronic granulation tissues The giant cells with the inclu- 
sions described in the published reports and in the tissues of this account 
were observed frequently in granulation tissues having clefts such as 
remain where cholesterol has been dissolved Olein, the important fat of 
human tissues, liquid at body temperature, holds in solution palmitin, 
stearin, cholesterol and other lipin substances When cholesterol is 
deposited in tissues, it stimulates foreign body granulation tissues,"*- and 
tissue lipoids containing cholesterol produce lesions resembling 
tubercles The presence of cholesterol or a similai substance in the 
hpoid material seemed necessary, therefore, m order to produce charac- 
teristic granulation tissue lesions A lipin mixture of fat extracted from 
human omentum with heat (90 C ), fortified with cholesterol from human 
gallstones and palmitin or stearin, when injected intravenously into 

31 Sabin, Florence R , Doan, C A, and Forkner, C E A-tn Rev Tuberc 
21 290, 1930 

32 Le Count, E R J M Research 7 166, 1902 

33 Simonds, J P Am J Path 3 13, 1927 

34 Some of these mixtures contained a small quantity of suspended finely 
powdered calcium carbonate 
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labbits stimulated m the lungs foci of chionic gianulatioii tissue with 
giant cells lesembling closely the lesions found in human tissues These 
mixtures weie supei satin ated with iDalmitm oi stearin when injected, so 
that at the body temperature of the labbit a ceitain amount ciystallized 
m losettes Animals given injections iiere killed from two to thiee 
Meeks after the fiist one The lesions m the lungs had a fibioblastic 
stioma, epithelioid cells, lymphocj'tes and one oi moie foieign body 
giant cells (fig 3) Large lesions had many giant cells and clefts such 
as remain wdieie cholesteiol has been dissolved Ceitain giant cells 



Fig 3 — Giant cell produced in the lungs of a rabbit with human fat containing 
cholesterol and stearin The crj^stallization factors in this artificial system are 
comparable only to those occurring in human tissues with disease Note that much 
of the lipin cr 3 ^stal has become insoluble in fat solvents The margins and tips 
of the spines have the staining qualities of elastin material Phosphotungstic 
acid-hematoxj lin stain, magnification, X 1.065 

contained small ciystals and vacuoles Some iveie only A^acuolated, 
otheis had engulfed oi encompassed large i osette-shaped crystals, and 
many encircled droplets of lipin mateiial in vaiious stages of absoiption 
Where absorption of the lipoid substance had progressed considerably, a 
clear pait of the cell contained a granular mateiial and a fairlj^ complete 
radial structuie Cells ivith partiallj absorbed globules had a large 
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^acuole and peripheial poitions of the rosette piojectmg radially into 
the cytoplasm around the vacuole The ciystals, at least those retained 
m the tissues sufficiently long, had become insoluble by their contact 
Mith the tissues In sections stained with phosphotungstic acid- 
hematoxilm, the delicate spines weie puiple thioughout, the coaisei had 
a led-brown coie and a thin purple margin 

These experiments, of course, indicate simply how a lipin mixtuie 
containing cholesterol may stimulate tubercle-like lesions with giant cells 
in tissues and that crystals of palmitm oi steal m separating fiom such 
mixtures may become insoluble losette inclusions in giant cells Pei haps 
othei hpm mixtuies containing substances having the propeities of 
cholesteiol can stimulate similai gianulation tissue reactions The 
chemical tests of the lipin mateiial recovered fiom the human spleen 
failed to demonstiate cholesterol, but these fiactions were obtained from 
spleen tissues mainly between, and not m. the fibrous nodules Pre- 
sumabl)'-, additions of cholesterol-hke substances fiom neciotic tissues 
to the lipins oi chemical alterations of the hpm mateiial occuned focall)' 
and initiated the granulation tissue reaction, or such mixtuies were 
deposited focally and stimulated the granulation tissues wherever they 
lodged The splenic pulp of labbits that received injections of human 
fat containing cholesteiol and palmitm had extensive regions of inflam- 
matory tissues but no giant cells — changes unlike those of the lungs, 
where much of the dissolved cholesterol and saturated fat sepaiated 
from solution 

The evidence favoring the conclusion that the radial structures of 
giant cells m systemic and focal masses of chronic granulation tissues 
are originally crystalline fats solid at body temperature, such as palmitm 
and stearin, separating from oily mixtuies containing cholesteiol oi 
cholesterol-like substances, is derived from (1) the circumstance that 
the lesions with these giant cells, according to published reports and in 
the investigated tissues, have been associated with fat tissues or have 
contained clefts such as generally aie recognized as remaining in tissues 
where cholesterol has been dissolved , (2) the chemical analysis of spleen 
tissues with such lesions whereby large amounts of lipm of the chaiacter 
of stearin, palmitm or mixtures were demonstrated and which on solidifi- 
cation foimed rosette-shaped crystals, and (3) the experiments demon- 
strating that hpm mixtures of cholesterol with a high content of palmitm 
stimulate in the lungs of rabbits tubercle-like lesions with giant cells 
having ladial inclusions and comparable to those seen m human tissues 
The cr3’^stals so lodged in the tissues gradually became insoluble in 
fat solvents and had, in sections stained with phosphotungstic acid- 
lieniatoxylm, a puiple periphei}’' and a red-brown center These staining 
qualities faior the conclusion that substances from the tissues confei 
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the elastin-hke staining qualities to the crystalline fat, but that other 
changes of the crystalloid substances rendei them insoluble in the usual 
fat solvents 

CONCLUSIONS 

The radial inclusions of giant cells observed in tubeicle-hke granula- 
tion tissues are ciystalhne forms of fats solid at body temperatuie, such 
as palmitin or stearin, sepaiated from an oil system containing cholesterol 
or substances with the physical properties of cholesterol 

The formation of these ciystals m a liquid fat system is according to 
the usual laws goveining crystallization, and the factors accomplishing 
supersaturation of the system aie mainly the absti action of the liquid 
portion faster than the combustion of the dissolved solid fat 

Certain chemical changes take place m the composition of the crvstals 
in the tissues so that they become insoluble in fat solvents Further 
changes oi additions in the tissues produce the elastin-staming qualities 
An embolic dissemination through the blood and lymph channels 
distributes the hpoid mateiial into the liver, spleen, lungs and hunph 
nodes — visceial tissues commonly the site of systemic lesions Lipoid, 
insufflated oi aspirated into the lespiiatory passage, may initiate lesions 
along the bronchi and bionchioles 
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CINCINNATI 

The ph) sicochemical constitution of naturally occurring piotems, 
such as the piotoplasm of animals or plants, eggwhite, blood plasma or 
milk plasma, continues to be a mattei of debate, even though the purely 
chemical attack on the pioblem was initiated in the sixties of the last 
century and the physicochemical attack but a few years later The 
opinion of the majoiity today still holds that these natively occuinng 
materials aie mere mixtuies of two or more piotems suspended in 
water Since their properties when chemically pure are m no wise 
those of these same piotems when encountered naturally, the effects 
of the inorganic acids, bases and salts constantly present m living matter 
or its juices have been called on to explain the difference The accepted 
point of view here again is that these “electiolytes” are mateiials that 
aie merely “dissolved” (m dilute solution) m the water of protoplasm 
and thus “influence” the behavior of the mixed piotems 

Against this point of view which, briefly stated, holds that living 
matter (such as any of the meats) is an aggregation of droplets com- 
posed essentially of a solution of salts m which protein is suspended, 
stands the simple fact that the tissues of plants and animals will not 
“mix” with more of their solvent (water) Even egg white or blood 
plasma will not do so without chemical decomposition (increase m 
alkalinity, precipitation of globulin) This by itself pioves that the 
high percentage of water found in living mattei is not m the same form 
as ordinary water, in other woids, it cannot be “free” but must be 
held in a chemically combined form Protoplasm is therefore a 
“hydrate ” But the salts found m protoplasm (commonly obtained by 
ashing it) cannot easily be leached out, which pioves that they too are 
not merely “dissolved” but held m combination The necessaiy con- 
clusion IS therefore that the essence of living mattei is a protein (or 
several piotems m combination or mixture) to which the inorganic 
radicals of the salts are tied chemically m the form base-protein-acid 
and not in the form protein-salt 

Comparative colloid-chemical studies of tissues, on the one hand, and 
of various piotems, on the othei, confirm this point of view Thus, pure 

From the Laboratory of Physiology, University of Cincinnati 

1 Fischer, Martin H (Edema, New York, John Wiley &. Sons, 1910, p 184 
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pioteins (like the globulins) take up Aeiy little watei, but the}' snell 
enormously as soon as acid or alkali is combined with them The tissues 
of the body, howevei, aie moie than either basic proteinates or acid 
piotemates They ai c both in one This is pioved b}^ the ph}Siologic. 
phai macologic oi toxicologic action of the various salts on them All 
neutial salts deh3^diate the living mass but, at the same concentration 
^el3'■ unequally Thus the chloiides of potassium, magnesium, calcium 
and meicun^ deh3'diate increasingl3’- m the Older named (and so reduce 
the bod3f weight oi an edematous condition and act as hydrogogic 
cathaitics, diuietics or sudoiifics in the order named), vhile the acid 
radicals, united to an3'^ base, deh3'^drate mcieasmgl3'- in the following 
Older chloiide, acetate, sulphate and phosphate (exhibiting a like oidei 
of action when emplo3’-ed therapeuticall3') - The ph3^siologic action of 
an3^ salt comes therefoie, to be compounded of the action of its con- 
stituent ladicals (which makes magnesium sulphate a more powerful 
cathaitic oi diuietic than sodium chloiide and makes a mercui3’^ salt the 
most poweiful of all) The fact that both ladicals aie ph3 siologically 
active IS pi oof that both acid and basic radicals appear in the native 
pi otoplasm 

In colloid chemisti3 puie basic piotemates which aie h3diated in 
the Older of the base senes here outlined, and 2>ure acid piotemates, 
which aie Itydiated accoidmg to the acid senes, ha^e been piepared 
But base-piotem-acid compounds that are analogous to those existent 
111 the living mass have not 3'^et been pioduced These paiagraphs 
desenbe how the3' may be 

THE PRODUCTION OT BASE-PROTEIN-ACID COMPOUNDS 

The production of a basic pioteinate 01 an acid jiioteinate is simple 
Mere addition of 3113 h3^di oxide 01 acid to a iiiotein will 3ueld some 
of the compound, but to hai^e the leaction complete it must be coined 
out HI the absence of fi ce zoatci The pioblem is analogous to the 
production of a soap fiom a fatt3'- acid and an alkali Heie, too, onty 
when earned out in concentrated foim (in othei words, without the 
piesence of free watei) is this reaction complete Utilization of the 
same pi inciple on a pi otcin alloxvs not only a base 01 an acid but both 
to be tied to the piotein 

Under ordinal 3"^ ciicumstances sodium caseinate 01 casein chloride 
on the addition of an acid 01 an alkali re^elts to its puie and anh3dious 
foim (it IS said that the acid or alkali leacts with the base 01 acid in 
the casemate, frees the casein and allows it to fall out as a piecipitate) 

2 Fischer, Alartin H, and Sykes, Anne Science 37 845 1913, Kolloid- 
Ztschr 13 112, 1903, (Edema and Nephritis, ed 2, New York, John Wiley &. Sons, 
1915, p 295 
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If the same additions aie made, but m a leaction mixtuie in A\hich all 
the water is held m ludrate form (in piactical teims, and foi casein 
this means m any amount below 80 pei cent of the total mixtuie), the 
acid or alkali does not crack off the contained base oi acid, but both 
combine with the protein nucleus 

The eighty pei cent of water in these s} stems (not free but held 
in hydiate foim) is a first value of physiologic significance to be lemem- 
bered in these studies It needs to be compaied with the noimal pei- 
centage of watei discoverable in the composition of any of the ordinary 
tissues Human blood for example, carries only about 80 pei cent of 
water, heart muscle 79 per cent, skeletal muscle /5 per cent, the biain 
74 per cent, the skin 72 per cent, the hvei 68 pei cent and the bones 
62 per cent ® 

In the accompanying figuie, A illustrates the point that acid 
fails to knock alkali off a basic proteinate, provided the mixtuie is con- 
centrated and anhydrous Vessel 0 contains a mixture of pure sodium 
casemate and water made by adding to 50 Gm of a highly purified 
casein 20 cc of watei and 80 cc of half-noimal sodium hydroxide'* 
The product is a faintly straw-coloi ed tiansparent gel The succeeding 
vessels contain an identical mixture, but theie has been added to them 
strong hydrochloric acid in such quantity that the final mixture 
(vessel 10) contains just enough for complete neutralization of the 
base that was originally added to the casein The mtei mediate tubes 
contain increasing amounts (m steps of 10 per cent) of the acid It 
will be observed that over 70 per cent of the acid and not exceeding 
80 per cent may be added before any change in the gel is perceptible ^ 
Beyond this point all the water is still bound, but the gels are drier and 
stifter When stirred they tend to fracture like ciystals and so appear 
whiter Their physical chaiacten sties change, m other words, fiom 
those of egg white to those of a toin liver oi kidney 

In the figure, B pioves that only as free water is absent fiom the 
reaction mixture does the added acid join to the piotem (and not to its 
contained alkali) Vessel 1 contains potassium caseinate (50 Gm of 
casein and 80 cc of half-normal potassium hydi oxide) to which was 
added enough strong hydrochloric acid to neutralize completely the fixed 

3 Such analyses may be found in Vierordt, Hermann Daten und labellen, 
ed 3, Jena, Gustav Fischer, 1906, p 377 

4 This is the neutralization equivalent of casein according to T B Robertson 

5 l^''orkers who wish to repeat these experiments need to remember that these 
colloid reactions take time It requires about twenty-four hours for an acid or an 
alkah to combine with casein and to have the whole system come to equilibrium 
so far as the absorption of water is concerned The same is true when acid is 
added to a basic caseinate, which should be done m fractions and slowly, with 
due care to the securing of an immediate and uniform mixture 




A, standard sodium caseinate to which increasing- increments of hydro- 
chloric acid ha\e been added up to the point of complete neutralization of the base 
B, standard potassium caseinate to which increasing increments of water have 
been added and then hydrochloric acid to the point of complete neutralization 
Casein is definitely precipitated only in vessels S, 9 and 10 C, standard potassium 
casemate to which chemical equivalents of different acids (in the following order 
phosphoric, citric, acetic, lactic, hydrochloric, tartaric, hydrobromic and sulphuric 
acid) have been added D, standard sodium caseinate to which chemical equiva- 
lents of different fatty acids (of the acetic series and from formic through stearic) 
have been added E, a senes of different basic caseinates to which chemical equiva- 
lents of phosphoric acid have been added F, a series of different acid caseinates 
(in the following order phosphate, citrate, acetate, lactate, chloride, tartrate, 
bromide and sulphate) to which chemical equivalents of potassium h 3 "droxide have 
been added 
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base But no externally visible change has occuried in the gel The 
remaining vessels contain the same potassium caseinate (with its 80 cc 
of water), but before the necessary equivalent of acid was added, 
increasing amounts of water (in steps of 40 cc ) weie poured into them 
Failure of the acid to combine completely with the protein (combining 
instead with the potassium of the caseinate) is apparent in vessel 5, in 
other words, wdien the original amount of potassium casemate has been 
mixed with 240 cc of watei In percentage composition this lepresents 
piogression from 60 per cent of watei in vessel 1 to 83 per cent in vessel 
5 Beyond this point (it should again be noted that it already lies well 
above the average value of the watei content of all solid animal tissues) 
the action of the acid becomes incieasingl}' that of neutralization of the 
fixed alkali m the casemate (thus leading to a j^i ecipitation of the neutral 
casein and dehydration of the entiie system) In vessel 10 (which con- 
tains 440 cc of watei ) separation of the neutral casein is complete 

C shows that every acid acts like hydrochloric acid on a given basic 
caseinate Vessels i to 5 contain equal amounts of potassium caseinate 
(prepaied by adding 200 cc of fifth-normal potassium hydroxide to 
50 Gm of casein) Theie has been intioduced into the successive 
vessels strong phosphoric, citric, acetic, lactic, hydrochloiic, taitanc, 
hydrobromic and sulphuric acid in the ordei named and in an amount 
to neutralize completely the potassium of the system There is no dif- 
ference in the several sj stems except as the first may be said to be the 
most homogeneous and the last, the least liquid “Precipitation” of 
neutral casein has not occuried anywhere 

D in essence paiallels C The vessels show that practically identical 
gels are obtained, so fai as physical appearance is concerned, when the 
several members of the acetic series of fatty acids aie added to the 
standaid sodium caseinate prepared as in A Foimic, acetic, propionic, 
butyric, valeric, caproic, capryhc, capric, lauiic, myristic, palmitic and 
stearic acids have been added in chemically equivalent amounts to vessels 
1 to 12 In vessels 10 to 12 the reaction mixtures were warmed 

The findings described are of impoitance in connection with the 
problem of the absorption of fatty acid by any tissue or, specifically, by 
the intestinal tract The solubility of these acids in water falls almost 
to zeio when valeric acid is passed To explain the absorbability of 
the higher members of the series, their combination with bile acids (to 
yield more “soluble” compounds) has recently been urged ® D shows 
that they are capable of direct absoiption, through combination with 
protein, even up to stearic acid although as the series is ascended the 
process takes longer and may be less complete 

6 Tashiro, Shiro Personal communication to the authors in 1935 
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The effects of adding a given acid (phosphoiic) to a senes of dif- 
feient basic caseinates (all peipaied by mixing togethei 50 Gm of 
casein and 200 cc of watei and the necessaiy weight of base to }ield 
a fiftb-noimal mixtiiie) is shown in E The gels aininomtim casein 
phosphate, potassium casein phosphate and so on thiough sodium, 
lithium and magnesium (vessels 1 to 5) lequiie no comment Those of 
calcium casein phosphate (vessel 6) and plumbic casein phosphate do 
lequiie comment foi while all continued to hold the water of then 
systems, thev weie less transpaient We take this to maik aggiegation 
of the paiticles of piotein into laigei masses and as evidence of then 
lowered capacit}^ foi hydiation The situation has its paiallel in the 
behavioi of the coi i esponding metal soaps, though it lemains a question 
in these experiments if, on allowing casein to stand with calcium 
Itydi oxide 01 lead oxide for seveial da 3 ’-s, all the casein and base capable 
of combination have reall} leacted 

If the alkali and acid added to the leaction mixtuies heie desciibed 
(containing about 80 pei cent of watei) aie lecalculated as then “salt’ 
content, it amounts to 1 5 pei cent This is again a ^alue of physiologic 
significance, foi it lies w^ell above the noimal salt content of all fresh 
tissues oi bod} fluids The ash fiom spleen, for example, lepiesents 
only 1 5 per cent, from brain, 1 41 pei cent, from lung, 1 16 per cent, 
from intestinal canal, 1 07 per cent, fiom heait muscle, 1 06 pei cent, 
fiom blood, 0 85 per cent, fiom kidne}s. 0 8 pei cent, and from skin, 
0 7 2 Dei cent® But a j^rotein h}diate that is fiist neutiahzed to its 
capacity with alkali shows no visible change on the addition of acid until 
moie than 70 pei cent of the neutrcdization value for the alkali is 
exceeded This i elation, too, is biologically significant because it is 
identical wuth the propoition of total base to total acid discoveiable in 
the salts analyzed out of milk, blood plasma oi any solid tissue Foi 
instance, if the total base is taken as unity, the total acids of milk (with 
the phosphorus and sulphui of the piotein and hpins included) constitute 
onl}" 90 pel cent of this value," foi whole blood the laltie stands at 
58 per cent , ® in the case of muscle, at 78 per cent ® 

Being in essence linkages of amino-acids, it is not unnatural that 
proteins should combine with bases But they are amphoteric and 
combine also with acids, even though the total combining value for 
them IS lowei (by about 30 per cent) Combination ivith acid also takes 
more time We weie inteiested in discovering whether acid caseinates 
(m the absence of free watei ) ivould combine with alkalis and so 3 ueld 

7 Lincoln, Azariah Thomas, and Walton, James Henn Quantitative Chem- 
ical Analj'sis, New York, The Macmillan Company, 1914, p 88 

8 Vierordt,® p 200 

9 Vierordt,“ p 426 
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the triple compounds aheady desciibed This they do, as evidenced in 
F, even though the gels pioduced aie not as homogeneous as when 
the reaction is earned out in the opposite diiection In all these vessels 
the acid casemates (m the following oidei casein phosphate, citrate, 
acetate, lactate, chloiide taitrate, biomide and sulphate) weie fiist made 
by adding to 50 Gm of casein 200 cc of the appropiiate two-twenty- 
fifths-normal acid (This amounts to only two fifths of the acid used 
foi complete neutiahzation of the base when the basic caseinates weie 
used as starting mateiials, puiposely kept low in older not to exceed 
the neutiahzation capaciti'' for acids of the casein itself ) After the 
addition of dry potassium hydroxide to the several acid casemates (just 
sufficient to neutralize the acid) as the vessels show, no piecipitation 
of the casein occurred 

We have also tiled to produce these tuple compounds diiectly by 
tiituratmg dry salt into casein in the piesence of minimal quantities of 
Avater or by allowing the pure casein to stand foi long periods in contact 
with concentiated salt solution In the instance of neutial salts (like 
sodium chloiide) no change is noticeable in the hydiation of the casein, 
but when salts that aie definitely alkaline (like the potassium soaps) oi 
acid (like the chloiides of weaker bases) aie employed, partial union 
does take place, and (nonhomogeneous) gels aie fiequently obtained 

SUMMARY 

After citation of some of the evidence which indicates that the 
“native” proteins are base-piotem-acid compounds, a method is described 
which allows of their production aitificially The end is accomplished 
by Avorking with reaction mixtuies containing no fiee watei and by 
adding to any protein (casein was used in the illustiation) first a base 
and then an acid oi vice versa The allowable limit of water content 
foi these systems m wdiich alone such reaction was possible, was found 
to he well abore the normal watei content of living tissue, while the 
amount of “salt” that could thus be bound to a protein, as ivell as the 
percentage relation of the base to the acid in such “salt,” proved identical 
wuth biologic values 
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No attempt will be made to review the literature on various phases 
of calcification, because such reviews have been made recently by Ham,^ 
Thomson and Collip,- Kay ® and Barr * Several theories have been 
advanced in attempts to explain the mechanism of calcification of the 
soft tissues of the body It is known that alkalinit}'’ favors the precipi- 
tation of calcium salts m vitro, and Hofmeister ® suggested that the 
calcification of the arteiies might be due to the decreased carbon-dioxide 
tension of aiterial blood with resulting increase in alkalinity He also 
suggested that the tendency of the alveoli of the lungs, unniferous 
tubules and gastric glands to calcify was due to the alkalinity of these 
structures brought about by the elimination of acids at these sites 
Kleinmann ® found that dead tissues and necrotic areas were alkaline 
in reaction, and he attributed their tendency to calcify to this fact It is 
lecognized that fatty degeneration frequently precedes calcification of 
the soft tissues, and according to Klotz ' the formation of calcium 
soaps, which are subsequently transformed into calcium phosphate and 
calcium carbonate, constitutes the mechanism of calcification Wells ® 
has presented evidence which would seem to indicate that the theory 
of Klotz regarding calcification is untenable According to Robison,® 
normal ossification is brought about by the enzyme phosphatase It is 
recognized that the presence of vitamin D is necessary for normal ossifi- 

From the Department of Physiology, University of Illinois 

1 Ham, A W Arch Path 14 613, 1932 

2 Thomson, D L, and Collip, J B Phj'siol Rev 12 309, 1932 

3 Kay, H D Physiol Rev 12 384, 1932 

4 Barr, D P Physiol Rev 12 593, 1932 

5 Hofmeister, F Ergebn d Physiol 10 429, 1910 

6 Kleinmann, H Biochem Ztschr 196 161, 1928 

7 Klotz, O J Exper Med 7 633, 1905 

8 Wells, H G A Survey of the Problem, m Cowdry, E V Arterio- 
sclerosis, New York, The Macmillan Compan 3 ’', 1933 

9 Robison, R Biochem J 17 286, 1923 
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cation, and evidence has been presented to show that large doses of 
viosterol, as well as of the internal secretion parathormone, may bring 
about calcification of the soft tissues It is known that the deposition 
of calcium salts begins in the intima of the arteries, and there is con- 
siderable evidence that this is initiated by injury resulting, foi example, 
from an infection such as syphilis, the injection of certain poisonous 
chemicals, the stiess and strain of modern life or excessive physical work 

Active, injured and dying tissues are electronegatn e to inactive, 
uninjured and sound tissues The injured end of a muscle, for instance, 
IS electronegative to the sound surface, and the contracted portion of a 
muscle IS electronegative to the relaxed portion The contracted part of 
the heait is electronegative to the uncontracted part, and this fact renders 
the making of the elect! ocardiogram possible It was while studying these 
differences of potential in the animal and measuring the action and 
demarcation currents that it occuired to us that herein might be found 
an explanation for calcification of the soft tissues, and the following 
investigation was accordingly earned out 

EXPERIMENTS 

With the use of ammonium molybdate paper the injured or cut ends 
of gastrocnemius muscles of frogs were tested for phosphate, and it 
was found to be present in definitely Lrger quantities on the cut end 
than on the uninjured sui faces This suggested to us that the electro- 
negativity of the injured portions of these muscles might be caused by 
the negatively charged phosphate ions, and the following experiments 
were carried out to determine whether this was true 

The gastrocnemius muscles of frogs were removed, skinned and 
cut transversely near one end The cut end was placed against one non- 
polarizable boot electrode and the sound surface against the other 
electrode, as shown in the insert in figure 1 Both boot electiodes were 
kept moist with a physiologic solution of sodium chloride By means 
of wires a delicate micro-ammeter was connected with the boot electrodes 
and the demarcation current measured in micro-amperes For the 
muscles of these medium-sized frogs the demarcation current was found 
to be of the magnitude of fiom 2 to 4 micro-amperes It was found 
that the application of a solution of calcium chloride, as well as of 
barium chloride to the cut end of the muscle caused the disappearance 
of the demarcation current, and the application of a weak solution of 
jihosphoric acid or of disodium phosphate restored the current to its 
original value It was also found that if a strip of filter paper or a 
piece of wire was placed across the electrodes instead of the muscle 
and if one end of the filter paper or wire was moistened with a solution 
of phosphoric acid or disodium phosphate and the other end with a 


10 Hueper, W Arch Path 3 14, 1927 
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ph}siologic solution of sodium chlonde, a cunent was set up similai to 
the demai cation cunent of the injuied muscle and of about the same 
magnitude This current passed fiom the phosphate to the chlonde end 
of the papei or Miie The application of calcium chloride to the end of 
the filter papei or mre that iias moistened with the phosphate deci eased 
the cunent m the same nay that it decreased the demarcation current 
■when applied to the cut end of the muscle The cm rent could be 
lestoied by moistening the end of the filter papei or mre with phosphoric 
acid, as had been found to be the case m ith the muscle 



r/MC OF APPLICATION IN SECONDS 


Fig 1 — The insert shows the injured or electronegative end of a muscle 
against one boot electrode and the sound or electropositne surface against the 
other electrode The curves show that the application of calcium chloride to the 
injured end of the muscle does away with the demarcation current, while mag- 
nesium chloride has onlj^ a little effect 


In figuie 1 aie given curves shotting the quantitative effect of 
application of a twice normal solution of calcium chlonde and magnesium 
chlonde on the demarcation current of injured gasti ocnemius muscles 
of frogs The method of appljnng the calcium chloride and magnesium 
chloride was to suspend the muscle and permit its cut end to touch the 
surface of the solution foi thirty second inteivals and measure the 
demarcation current after each application It mil be seen in figure 1 in 
the curve for the effect of calcium chloride that the demarcation cui- 
lent of the muscle previous to the application of calcium chloride vas 
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3 2 mici o-amperes , after thuty seconds of tieatment with calcium 
chloiide It A\as i educed to 2 8 niici o-ampei es , aftei the second thuty 
second application oi atter sixty seconds of tieatment with calcium 
chloiide to 2 micro-ampeies, and after ninety seconds, to 0 75 micio- 
ampeies Aftei one hundred and twenty seconds the current had dis- 
appeaied It may also be seen m figure 1 in the cuive foi the effect 
of magnesium chloride that a tnice normal solution of magnesium chlo- 
ride had little effect on the demai cation cm rent The curve foi the effect 
of magnesium chloride and of calcium chloride shows that after mag- 
nesium chloiide had been applied to the cut end of the muscle and had 
produced practically no effect, the application of calcium chloiide to 
the cut end of the same muscle promptly decreased the current and 
caused it to disappear It should be mentioned m this connection that 
barium chloride was found to be as effective as calcium chloride in 
causing the disappearance of the demarcation cuirent It is assumed 
that the positively charged calcium and barium ions did away with 
the demarcation cunent by combining with the negatively chaiged 
phosphate ions at the cut end of the muscle to form insoluble and non- 
lonized barium phosphate and calcium phosphate, ivhereas the applica- 
tion of magnesium chloride foiined the more soluble and ionized 
magnesium phosphate The preceding observations have been lepeated 
tune and again by us, and the expeiiinents have been used by students 
as a part of loutine work m the laboratory 

It is also known that the contracted portion of a muscle is electro- 
negative to the relaxed part, and the observations made on the injuied 
muscle suggest that this electionegativity is probably due also to the 
negatively charged phosphate ions arising from the hydrolysis of 
creatine phosphate and adenylpyrophosphate in the contracted pait of 
the muscle Since massive doses of viosterol and pai athormone produce 
calcification of the soft tissues, the effect of these two substances on 
the demai cation cunent was also studied m a mannei similai to the 
piecedmg, and it uas found that the application of these substances to 
the cut end of the muscle had no effect on the demarcation current 

The demarcation current of the arteries of anesthetized dogs was 
measured This was done with the use of a micro-ammeter and platinum 
electiodes It was found that when two uninjured parts of the caiotid 
aitery veie connected with the micro-ammetei practically no cunent 
flowed, but A\hen an injured poition, either of the exterior or mteiioi 
of the arteiy was connected to an unmjmed part a cunent flowed fiom 
the uninjured to the injured surface, just as was found to be the case 
vith the gastrocnemius muscles The electronegativity of the injured 
Ultima of the aiteiy is attributed to the negatively charged phosphate 
ions as 111 the injuied end of the sasti ocnemius muscles and the sub- 
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sequent calcification of the intiina is attributed to the combination of the 
positively charged calcium ions of the blood with the negatively charged 
phosphate ions of the injured intiina to precipitate the insoluble calcium 
phosphate and form the plaque 

With adA'^ance in age calcium salts aie gradually deposited also m the 
crystalline lens of the eye, resulting m a receding of the near point 
of distinct vision and loss m the power of accommodation At 20 years 
of age a normal peison possesses 10 diopters of accommodation, but at 
the age of 60 all this has been lost, and this loss has occurred at the 
uniform late of diopter pei yeai So uniformly and constantly does 
this loss in the powei of accommodation occur that the age of a person 
may be ascertained with a high degiee of accuracy by detei mining the 
near point of distinct vision With the accumulation of very large 
amounts of calcium salts m the crystalline lens of the eye, cataiact 
results 



Fig 2 — Lens 1 {A) was immersed in twice normal potassium chloride and lens 
2 {B) in twice normal calcium chloride The potassium chloride produced nuclear 
opacitj’-, leaving the cortex transparent, while the calcium chloride produced cortical 
opacity without affecting the nucleus 

In figure 2 are shown fresh crystalline ox lenses that had been 
immersed m twice normal solutions of potassium chloride and calcium 
chloride Lens 1 {A) was immersed in potassium chloride and lens 
2 (B) in calcium chloride It will be seen that potassium chloride pro- 
duced an opacity of the nucleus of the lens Avithout affecting the trans- 
parency of the cortex, and that the calcium produced an opacity of the 
cortex without affecting the nucleus This observation suggests that 
calcium salts may play a role m the production of cortical cataract and 
potassium salts in that of nuclear cataract It is known that the crystal- 
line lens grows throughout life and that this growth, like that of a 
cabbage, takes place from the interior So the oldest portion of the 


11 Burge, W E Arch Ophth 38 447, 1909 
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lens IS the cortex and the youngest the nucleus Hence, theie is a tend- 
ency for the older portion of the ciystalline lens, the cortex, to combine 
with calcium salts, comparable with the tendency of the aiteiies to 
become calcified with advance in age 

The tender green branches of several different kinds of greenhouse 
plants were tested to determine whether there was a demarcation current 
or current of injury in plants similar to that m animals This was done 
by placing a tender gieen branch across the boot electrodes shown in the 
insert in figure 1, with the cut end of the branch against one electrode 
and the uninjured surface against the othei When this was done it was 
found that a current flowed from the uninjured surface of the bianch 
to the injured end, similar to that of the muscle, but the strength of 
the current was much less than in the muscle The application of a 
weak solution of calcium chloride to the injured end of the stem of the 
plant did away with the demarcation current, just as was found to be 
the case with the muscle The inorganic salt deposited in the arteiies 
of animals as they grow older is principally calcium phosphate, whereas 
calcium oxalate is the salt deposited in plants as they grow older It 
IS assumed that the negatively charged oxalate ions aie responsible 
for the electi onegativity of the injured portion of the plant, just as the 
negatively charged phosphate ions are responsible for the electronegativity 
of the injured portion of the muscle The positively charged calcium 
ions combine with the negatively charged phosphate ions of the injured 
muscle and with the negatively charged oxalate ions of the injuied 
plant to precipitate calcium phosphate and calcium oxalate, respectively, 
and in this way do away with the current of injury oi demarcation 
current and form the calcareous deposit 

SUMMARY 

With the use of a micro-ammeter the demarcation cunent of injured 
frogs’ muscles was measured and found to be of the ordei of magnitude 
of from 2 to 4 micio-amperes A demarcation current in injured 
branches of greenhouse plants was also observed, but this was much less 
than in the animal muscles 

The presence of phosphate on the injured portion of the muscle 
was shown by the use of ammonium molybdate paper The application 
of a twice normal solution of calcium chloride oi barium chloiide to the 
injured portion of the muscle or of the plant did away with the demar- 
cation cunent, and a weak solution of phosphoric acid oi disodmm 
phosphate restored it 

The electronegativity of the injuied portion of a muscle is attributed 
to the negatively charged phosphate ions, and the disappearance of the 
current on the application of calcium chloi ide and barium chloride, to the 
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combination of the positively charged calcium and baiium ions with 
the negatively chaiged phosphate ions, to precipitate insoluble calcium 
and barium phosphate 

The electronegativity of the contiacted poition of a muscle is also 
attributed to the negatively chaiged phosphate ions, aiising probably 
from the hydiolysis and ionization of creatine phosphate and adenyl- 
pyrophosphate in the contracted pait of the muscle 

Injury to the intiina of the caiotid aitery of dogs lenders the injured 
portion electi onegative to the uninjured portion, and calcification of 
arteries may result fiom the combination of the positively charged 
calcium ions of the blood with the negatively charged phosphate ions at 
the site of the injured mtiina to precipitate calcium phosphate 

Potassium chloiide pioduced an opacity of the nucleus of the crystal- 
line lens without aftecting the transparency of the cortex, while calcium 
chloiide produced an opacity of the cortex without aftecting the nucleus 
This observation suggested that calcium salts may play a role in the 
pioduction of cortical cataract, and potassium salts in the production of 
nuclear catai act 
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In pievious lepoits^ we have described the pioduction in rats of 
experimental dental canes and indicated some of the conditions that 
give rise to the disease or modify its course We have shown (a) that 
the lesions in question, identified microscopically in all instances, closely 
resemble naturally occuinng dental caries in man and differ in impor- 
tant respects from lesions desciibed as “macroscopic caries” by many 
other workers, (&) that experimental caries results from feeding diets 
the major constituent of which is coarsely ground iice or corn, and 
that the disease does not occur when tlie cereal is vei y finely ground , 
(c) that experimental caries may be produced either with diets deficient 
in minerals, vitamin D and protein or with diets adequate in all nutri- 
tional respects, but in the latter case the incidence of experimental 
canes is lower than in the former, and (d) that the relative protective 
effect against expel imental caries produced by adequate diets appears 
to depend on some one calcifying food or some combination of the 
calcifying foods, but the precise agency involved could not be determined 
from the data 

EXPERIMENTS 

The experiments reported here were an attempt to define more exactly the 
food agent or agents responsible for the reduction of experimental canes observed 
in rats that received diets with adequate calcifying properties Two series were 
studied, for each of which the basis of reference was the deficient diet of rice 
passed through a sieve having 10 meshes per linear inch (2 54 cm ) , dextrin and 
spinach, which was previously employed, to which additions were made individu- 
ally The diets used are given in table 1 

In series I, diets 55 and 56 contain calcium and phosphorus in relatively high 
levels with an adequate ratio (1 5) without cod liver oil and with 2 per cent of 
cod liver oil Diet 57 is the basal control Diet 58 contains rice passed through 
a 100-mesh sieie in place of that passed through a 10-mesh sieve In diets 60 


This study was conducted in part with the aid of a grant from the Common- 
wealth Fund for research in dental caries 

From the Department of Bacteriology and of Biological Chemistry, College of 
Physicians and Surgeons, and School of Dental and Oral Surgery, Columbia 
University 

1 (a) Rosebury, T , Karshan, M, and Foley, G J Dent Research 12 
464, 1932, (b) ibid 13 379, 1933, (c) J Am Dent A 21 1599, 1934 
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and 61 calcium is added to make a high calcium-phosphorus ratio (6 9) , the 
latter diet again contains nee passed through a 100-mesh sieve Diet 63 contains 
calcium and phosphorus added to overcome the gross deficiency of the basal diet 
but leaving the ratio low (0 4) Diet 64 contains 7 per cent of wheat gluten as 
the only addition to the basal formula In senes II, diet 65 is the basal control, 
and each of the experimental diets is supplemented by a single item Diets 66 and 
67 contain, respectively, 2 and 5 per cent of a dilution of viosterol (250 D) in 
corn oil adjusted to have the vitamin D potency of cod liver oil, 2 diets 68 and 69, 
2 and 5 per cent of cod liver oil, respectively, and diets 70 and 71, 2 and 5 per 
cent of corn oil, respectively Diet 72 is the same as the control, but animals in 
this group were irradiated with an air-cooled quartz mercury vapor arc lamp in 


Table 1 — Evperimaiial Diets 
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t Ground repeatedly until the entire product passed through the 100 mesh sieve 
i Viosterol 250 D (Mead’s), 0 4 per cent In com oil (dilution = ID) 

§ See Rosebury, Karshan and Foley,^® table 8 

# 5 Gm per rat per day in all 

II Rats in this group were irradiated with a quartz mercury vapor arc lamp tor twenty 
minutes at 2 feet (60 96 cm ) three times each week, the lamp was run fifteen minutes before 
the animals were placed under it, and food and water were removed from the cage during 
irradiation 


dosage sufficient, as will be noted later, to supply adequate vitamin D s All vitamin 
D preparations were added to the dry diets freshl}’ twice each week Diets and 
water were fed ad libitum 


2 Since this paper was submitted for publication it has come to our attention 
that viosterol 250 D has one hundred instead of two hundred and fifty times as 
much vitamin D as the cod liver oil used in these experiments (Bills, C E 
Physiol Rev 15 1, 1935 , personal communication to the authors) On this basis 
the vitamin D content of diet 66 is equivalent to 08 instead of 2 per cent of cod 
liver oil, and that of diet 67 is equivalent to 2 instead of 5 per cent of cod liver oil 

3 The Hanovia Manufacturing Company furnished the lamp used in these 
experiments 
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As m previous experiments, rats were bred on our modified McCollum stock 
ration and distributed among the experimental groups twenty-two days after birth 
Litter-mates were distributed separately in the two series Each diet group con- 
tained from 10 to 13 animals The period of experimental feeding ranged from 
forty-five to one hundred and eighty days , at intervals during this period animals 
were removed from the experimental groups in lots of litter-mates, bled by cardiac 
puncture for analyses of calcium and phosphorus and killed with chloroform One 
side of the mandible of each animal was used for the preparation of decalcified 
(celloidin) sections stained with hematoxylin and eosin Generally the side that 
showed the fewer macroscopic lesions was selected for this purpose The analytic 
methods employed were those described in the previous report in this series,^'= in 
which the method used for identification and rating of lesions of caries was 
also described in full Lesions are rated according to size and degree of penetra- 
tion from 1 to 10 The “index” value, as applied in this and the previous report, 
is obtained by dividing the total caries score for the group by the number of 
animals in the group This value provides a satisfactory measure of the incidence 
of caries in the experimental groups, as indicated by its relatively close reproduci- 
bility Lesions identified as resulting from fracture of a cusp, including those 
referred to by other workers as macroscopic caries, were recorded in these studies 
as such, but are not included in the tables, which deal only with fissure caries 


RESULTS 

Table 2 presents data ior the individual gioups on the incidence 
of canes, calcification of teeth and bone and blood calcium and phos- 
phoius The values for caries aie given in terms of both the percentage 
of animals affected in the group and indexes The two sets of values 
are not well coi related, since only the index values reflect the number 
and size of the lesions as well as their distribution by animals Data 
on calcification, as determined by examination of the sections, are given 
here roughly only All the pathologic changes observed have been pre- 
viously described b)- ourselves and other investigators It will be noted 
that the occurrence and kind of defects of calcification were those to 
be expected from the character of the respective diets The low calcium 
diets resulted in uniformly defective dentin, whereas the high calcium 
diets produced local defects in calcification, generally over the pulpal 
floor and in the roots of the molars Diets 66 to 69, which contained 
vitamin-oil preparations as the only additions to a basal diet very low 
in minerals, produced molar dentin that was slightly defective locally 
and alveolar bone normal in quality but apparently reduced in amount 
The same was true of the group that ‘received ultraviolet irradiation 
(72) The blood values likewise parallel closely the histologic observa- 
tions and are in the expected range for the several diets It is interesting 
that the blood values for the two diets containing rice passed through 
a 100-mesh sieve (58 and 61) both indicate somewhat more severe 
deficiency than the respective diets with iice passed through a 10-mesh 
sieve Growth was recorded as a check on the condition of the animals 
during the course of expeiimental feeding, but the method employed 
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of removing animals from each group at mteivals during the progress 
of the expel iment produces aveiage cuives that are not strictly com- 
parable Hence curves for growth are not presented 

In order to assess the significance of the reduced caries indexes 
of the experimental gioups, as compaied with the control groups, the 
index values have been treated statistically ^ As a basis for this treat- 
ment all groups fed the control diet (with iice passed through a 
10-mesh sieve, 92 per cent, dextrin, 8 per cent, plus from 3 to 5 Gm 
of spinach per rat per day and water ad libitum) since these experiments 


Table 2 — Data on Incidence of Caites, Calcification and Blood Calcium and 
Phosplioiiis Values in Diets 55 to 72* 
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47 ISl 

LSD 

NR 

46 

Sl±l 5 

10 30+0 23 

7 43+0 30 

70 

11 

2 per cent CO 

49 181 

VD 

VD 

82 

3 0±0 9 

6 22+0 24 

8 26+0 G7 

71 

12 

5 per cent CO 

47 181 

VD 

TO 

50 

2 8±1 3 

5 49+0 17 

7 13+0 52 

72 

12 

Irradiated 

55 181 

LSD 

NR 

58 

4 6±1 4 

10 G1±0 20 

7 26+0 28 


* In this and other tables the following abbreviations are used CEO, cod liver oil, CO, 
com oil, Vios , viosterol, X, normal, D, defective VD very defective, LD, locallj defective, 
liSD, locally slightly defective, XR, normal In quality but reduced in amount The ± values 
are standard deviations 


were started in 1931, with one exception, weie pooled to form a group 
of 94 animals The exception vas the group on diet 24 (1934), which 
was omitted as clearly abeirant This control group was then pooled 
individually with each experimental group to be compared to obtain a 
mean index (nio) and its standard deviation The standard deviation 
of the difterence between the index of the experimental group and 

4 Prof Earle B Phelps of the Department of Public Health of the College 
of Physicians and Surgeons collaborated in formulating the statistical method used 
The method is based on the assumption of homogeneitj'- of the different groups 
pooled to obtain a mean index, parts of the pooled group being then compared with 
the whole to test this assumption 
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the rnean index was derived as the sqtiaie loot of the sum of the squared 
standard deviations of the two means The ratios of these diffeiences 
to their standard deviations were interpreted fiom the table given by 

PeaiP The following equations were employed 

Standard deviation of an index (<rn,) = 

Standard deviation of a diffeience (o-d) ^sj<Tt3r G’tn" 

Mean of a senes of (two o\ more) component means (mo) = 

Standaid deviation of lUo (o-o) = — 


Table 3 — Stgmficaitce of Reductions in Canes Produced on Addition of Calcifying 
Foods, Com Oil oi Piotem to the Basal Deficient 10-McsJt 
Rice-Dextim-Spmach Diet 


Calcification, 



Number 

Blood 

Calcium 

and 

Diet 

Additions to 

of 

Phos 

Group 

Basal Diet Animals 

phorus 

Pooled 

controlNone 

94 

D» 

55 

High calcium, high 
phosphorus 

12 

N 

56 

Diet 55 4- 2 percent 
CLO 

12 

N 

60 

High calcium 

10 

D 

63 

Low calcium 

11 

D 

64 

7 per cent protein 

11 

D 

66 

Vios m CO, 2 per 
cent 

12 

N 

67 

Vios In CO, 5 per 
cent 

13 

N 

6S 

2 per cent CLO 

10 

N 

69 

5 per cent CLO 

13 

N 

70 

2 per cent CO 

11 

D 

71 

5 per cent CO 

12 

D 

72 

None, irradiated 

12 

N 

25, 66, Vios m OOorCLO 

55 

N 

67,68,09 

27, 2S, Normal calcium 
S7, 38, and phosphorus -r 2 
56 or 5 per cent OLO 

38 

N 

70, 71 2 or 5 per cent CO 

23 

D 

* Sea footnote, table 2 




Caries 

Indey, 

mo 

mo — m 

D 

Odds 
Against 
Bandom 
_ Occurrence of 

m 



(TB 

■ Difference 

7 6±0 6 

2 9±10 

71±0 6 

4 2+1 2 

35 

2,149 to 1 

2 3±10 

7 0±0 0 

4 7±12 

39 

10,390 to 1 

4 5+1 3 

7 3±0 5 

2S±14 

20 

21 to 1 

3 2±16 

71+0 5 

3 9±17 

23 

46 toi 

5 4±13 

7 4±0 5 

2 0+14 

1 4 

otol 

21±11 

70+05 

4 9+12 

4 1 

30,000 to 1 

0 9±0 5 

6 8±0 5 

5 9±0 7 

84 

to to 1 

2 3+13 

71+0 5 

4 S±1 4 

34 

1,483 to 1 

31±lo 

71+0 5 

4 0±16 

25 

SOtol 

3 0+0 9 

71±0 5 

4 1+1 1 

37 

4,037 to 1 

2 8+1 3 

7l±0 5 

4 3+1 4 

31 

516 to 1 

4 5+1 5 

7 2±0 5 

2 7+16 

17 

lOtOl 

19±0 5 

5 5±0 5 

3 6+0 7 

51 

4,000,000 to 1 

10±0 5 

5 9^41 5 

4 3+0 7 

61 

700,000,000 to 1 

2 9+0 8 

0 7±0 1 

3 8+0 9 

42 

50,000 to 1 


In these equations o- indicates the standard deviation , n, the 
difference (between tw'o means) , d, the deviation (of an individual 
value from the mean) , N, the number of animals in the whole group 
considered , f, the number of animals m a component group, and m, the 
mean (or index) 

The results of this analysis aie given in table 3, in which data on 
calcification and dietary composition are lepeated to facilitate compari- 
sons The reduction of caries obtained with diets 55 and 56, containing 


i ^ Introduction to Medical Biometrv and Statistics, Philadelphia 

W B Saunders Company, 1930 
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calcium and phosphoius in high levels and a normal latio, without cod 
livei oil and with 2 per cent of cod liver oil, respectively, are clearly 
significant, while those obtained with diets 60, 63 and 64 are not The 
results obtained with the diets containing rice passed through a 100-mesh 
sieve (58 and 61) are not included in the table Outiight prevention 
of caries was obtained with both these diets The group of diets m 
which vitamin D in oil was present either as viosterol or m cod liver 
oil produced reductions the odds against the insignificance of which 
range from 80 to 1 to a value appioaching infinity to 1, and it is inter- 
esting that the extremes of this range both fall in the groups that 
leceived the higher percentage of the vitamin-oil preparations The 
lesults obtained with diets 70 and 71, which were set up as controls 
for the inert oil m diets 66 to 69, aie surprising, since a clearly signifi- 
cant 1 eduction of caries was obtained with each 

Since the standard deviation decreases as the number of animals in 
the group is increased, small ditfeiences become moie significant as 
the size of the group is increased This fact is apparent in the coni- 
paiisons foi the pooled groups given m the lower pait of table 3 The 
mean difference between the control gioup and the groups that received 
vitamin D-oil preparations as the sole additions to the basal diet (diets 
66 to 69, plus diet 25 — containing 2 pei cent of cod liver oil — from an 
earlier series) is clearly significant Similarl}’’, when group 56 is pooled 
with previous groups that leceived diets containing noimal calcium 
and phosphorus plus 2 oi 5 per cent of cod liver oil (27, 28, 37 and 38) 
and when the two groups fed the corn oil diet (70 and 71) are pooled, 
the mean dififeiences are clearly significant 

It is of fuithei interest to determine whether the groups that 
received calcifying foods, coin oil or ultraviolet iiiadiation differ sig- 
nificantly with respect to each othei To determine this, the entire series 
of 147 animals, including groups on diets 25, 26, 27, 28, 37 and 38, 
in addition to the diets described here which yielded significantly reduced 
indexes of caries as compared with the control, weie pooled to derive 
a mean index and standaid deviation When the indexes of the com- 
ponent groups are compared with the index of the complete senes by 
the method pieviously used, it becomes clear that little weight can be 
attached to differences between these groups This analysis is shown 
in table 4 It is interesting that the reduction of canes obtained with 
diets 70 and 71, although less in degree than the mean i eduction obtained 
with the adequately calcifying diets, nevertheless falls within this 
observed variation It is also noteworth)'- that in group 72 (irradiated 
animals) the result does not differ significantly fiom this complete 
series or from the control group (table 3) 

To determine whether the blood values for calcium and phosphorus 
are related to the incidence or degree of caries a similar method of 
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analysis was used In this instance, howevei, it is obvious that the 
abnormal values of animals that received deficient diets could not be 
used in the analysis, for although they vmuld appear to be directly 
related to the caries indexes the fact that similar abnoimal values were 
obtained with the diets containing rice passed through a 100-mesh sieve 
in the complete absence of canes clearly indicates that such abnormal 
values do not necessarily imply the occurrence of canes It seemed 
valid rather to determine whethei the variation in the blood values for 
calcium and phosphorus among the groups in which normal averages 
were obtained aie related significantly to the degiee of canes shown 
by those animals individually Thus, 86 animals for which analytic 
data are available were treated as a unit as before, and mean values 
and standard deviations derived for calcium and phosphorus This gionp 


Table 4 — Compatahve Influence o/ Calcium, Phosphoius, Vilannn D and Coin 
Oil on Evpcninental Denial Canes m Rats, Significance of Diffeiences 
Between Erpeitmenfal Gioups 


Calcification, 

Average Blood Odds 

Calcium Calcium Against 


Diet 

Group 

Additions to 
Basal Diet 

^umbcr 

of 

Animals 

to Phos 
phorus 
Ratio 

and 

Phos 

phorus 

Canes 

Inde\ 

D 

<Tt) 

Random 
Occurrence of 
Difference 

Complete 

series 


147 



2 5±0 3 



25, 06. 67, 
68. 69 

Vios in CO or CEO 

33 

012 


19±0 5 

09 

2tol 

27,28, 37, 
38, 56 

formal calcium and 
phosphorus + 2 or 3 
per cent CEO 

3S 

1 31 

N 

1 0±0 5 

1 3 

4 to 1 

70, 71 

2 or 5 ner cent CO 

23 

012 

D 

2 9±0S 

04 

Less than 1 to 1 

72 

Jione, irradiated 

12 

0 12 

N 

4 5±1 4 

1 1 

3 to 1 


* See footnote, taWe 2 


was then subdivided, without regard to experimental diets, into those 
with no canes and those with caries equivalent to a score from 1 to 3, 
4 to 6 and 7 or more, respectively When these groups are compared 
with the complete senes, with the exception of calcium m the group 
with the greatest incidence of caries, the diffeiences are less than their 
standard deviations, and it is clear that none is significant 


COMMENT 

The result obtained with diet 58 confirms our previous finding that 
caries is prevented outright in the low calcium diet when the rice is 
ground to pass through a 100-mesh sieie The absence of caries with 
diet 61 indicates that the same is true in the case of a high calcium 
diet It IS to be noted that each of these diets was not less severe in 
nutritional character than the corresponding diet containing rice passed 
through a 10-mesh sieve It is also noteworthy that the high calcium 
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diet containing iice passed thiough a lO-mesh sieve (60) pioduced less 
caries than the coi responding low calcium diet, and although the differ- 
ence IS not significant it is clear that a relative deficiency of phosphorus 
IS not moie productive of canes than a deficiency of calcium Addition 
of calcium and phosphorus to the basal diet, such as to produce a slight 
improvement m ratio but leaving the diet (63) relatively low m calcium, 
also lesulted m a decrease of caries of doubtful significance Addition 
to the basal diet of 7 pei cent of piotem m the form of wheat gluten 
(diet 64) did not produce a significant change in the incidence of caries, 
suggesting that the protein deficieiic}’^ in the basal diet is not a factor 
in the production of the lesions 

The findings as a Avhole, particularly with the corn oil and more 
adequately calcif}mg diets, ma)’^ be considered as they beai on thiee 
aspects of the problem the comparative influence of the calcifying 

Table 5 — Relafwuslup of Blood Calctuin and PliospJioi us to Expciiuicntal Denial 
Canes m Rats Significance of Diffci cnees Betzveen Evpci wieiital 
Gi Clips Sliozving Genet ally Notmal Values 


Cnlcliim Phosphorus 



A urn 


- 

t 


— > 


ber 



Odds Against 


Odds Against 


of 



Random 


Random 

Diet 

Am 


D 

Occurrence of 

D 

Occurrence of 

Group 

mals 

Mean 

<rD 

Difference Mean 

CD 

■ Dlfferenee 

Complete series 

80 

10 56+0 OS 


7 22±0 12 



Caries score = 0 

50 

10 49+0 09 

06 

1 to 1 7 25+0 17 

02 

less than 1 to 1 

Canes score = 13 

12 

10 37+0 21 

09 

2 to 1 7 22±0 31 

00 

0 

Carles score = 4 G 

10 

10 43±0 IS 

07 

1 to 1 7 24±0 29 

01 

less than 1 to 1 

Caries score = 7 or more 

14 

11 02±0 2S 

1 6 

S to 1 7 00±0 31 

07 

Itol 


elements, vitamin D and oil, the influence of varjang amounts of these 
substances, and the mechanism whereby they act to reduce the incidence 
of caries 

The finding that com oil, supplementing a diet very deficient in 
minerals and without vitamin D, produced a i eduction of caries statis- 
tically equivalent to that produced by adequately calcifying diets must 
lead one to doubt the importance of vitamin D in this connection 
Likewise, the effect on caries observed on ultraviolet iriadiation, 
although inconclusive, helps to sustain the implication that the fat con- 
tent of the vitamin D prepaiations rather than their vitamin content 
is the more potent protective agent against canes The fact that calcium 
and phosphoius in high levels and a normal ratio in the absence of 
vitamin D or oil (diet 55) produced a significant reduction in caries, 
on the other hand, pi events exclusion of the calcifying elements as 
participants in this protective effect 

In considering the bearing of our data on the quantitative aspects 
of the canes-reduction phenomenon, it may be impoitant to emphasize 
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that all the evidence obtained points to the coaise cereal pai tides as the 
essential caries-producing agents When the basal coarse rice diet is 
supplemented with various foods, whether or not the}'^ improve its nutri- 
tional quality, the i esult is not more than partial i eduction of caries , 
outright prevention regularly occurs only when the coarse cereal is 
ground to a flour It is clear from these experiments that this relative 
protective effect may be contributed either by ^ itamin D-oil preparations, 
by calcium and phosphorus in normal ratio, by corn oil or by calcium 
and phosphorus in normal ratio with vitamin D in oil The last-named 
combination produced the gieatest average reduction in canes (table 4), 
but the statistical analysis indicates that none of these agencies can be 
legarded as superior to the others The results obtained with diets 
66 to 69, particularly, suggest that 5 per cent of the vitamin D-oil 
preparations is not necessarily more effective than 2 per cent, and 
the result in the case of the single diet 56 fuithei suggests that even 
in the presence of what may be regarded as optimal dietary conditions 
■ — calcium and phosphorus in high levels and a normal ratio, with 2 per 
cent of cod liver oil — the protective effect cannot be depended on to 
exceed that produced by 2 per cent of cod liver oil or its viosterol or 
fat equivalent alone 

We have pointed out befoie that although adequately calcifying 
diets tend, in general, to produce less canes than comparable deficient 
diets, the difference in caries cannot be directly related to corresponding 
differences in the pictuie of calcification The data recorded here con- 
firm this point of view and make it clear as well that variations in 
blood calcium and phosphorus, within a generall)’- normal range, do 
not reflect vaiiations in the incidence of caries m individual animals 
The mechanism underlying these facts is not clear If the lesults of 
a given deficient caries-producing diet are compared with those obtained 
uith a similar diet m which the deficiencies aie collected, the caries 
values in the two groups will appear to be related to these differences, 
to the degree of calcification determined histologically and to the blood 
values of calcium and phosphorus Yet the results m this study of 
the experiments with rice passed through the 100-mesh sieve, incor- 
porating both types of calcifying defect, each of which was reflected 
characteristically in the bone, teeth and blood, show that such deficiency 
may be present in the entire absence of caries And the fact that the 
addition of corn oil to the basal diet, although it effected no abatement 
of its calcifying deficiency, produced a reduction of caries equivalent 
to that obtained with adequately calcifying diets, provides additional 
evidence pointing in the same direction Finally, the circumstances that 
the degree of protectne effect exerted by the calcifying foods and corn 
oil was not related to the amounts of these substances m the diet and 
particularly that a diet with fully adequate calcifying properties (56) 
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was not more effective m reducing caries than diets that produced some- 
what impel feet calcification (66 to 69) suggest that these agencies 
opeiate by way of some mechanism other than that of calcification 
We aie haidly justified m concluding that these protective effects are 
exerted diiectly on the environment of the teeth rather than by way 
of systemic oi metabolic channels, yet — excepting the influence of ultra- 
violet irradiation, which these results leave doubtful — the evidence does 
not invalidate the view that such ma)'^ be the case 

SUMMARY AND CONCLUSIONS 

This repoit deals with the results obtained vith 286 animals, includ- 
ing 94 that leceived the (control) deficient caiies-pioducing diet of 
lice passed thiough a 10-mesh sieve, dextrin and spinach and 192 that 
received various modifications of this diet intended to test the influence 
on the production of canes of calcifying agents and corn oil and the 
relative importance of the size of particles of rice and the two kinds 
of dietaiy calcif}ing defect Of these animals 183 are included in the 
experimental and control groups desciibed here in full, the lemainder 
have been described elsewhere and were used heie for comparative 
purposes All the lesults are analyzed statistical!} The results appear 
to warrant the following conclusions 

Caries is produced with the coarse iice basal diet either of the high 
calcium deficient type or of the low calcium type The high calcium 
diet IS not more effective m producing caries than the low calcium diet 
With both types of diet the incidence of caries becomes zero when 
the rice is ground to pass through a 100-mesh sieve 

Addition to the basal diet of cod livei oil oi viosterol in corn oil 
as 2 per cent of the diet produced a definite reduction in caries, but did 
not prevent caries outiight The protective effect was not significantly 
augmented by increasing the dosage to 5 per cent of cod livei oil or 
viosterol in corn oil or by the fuither addition of calcium and phos- 
phorus to a normal i atio, with levels normal or definitely high 

Irradiation of animals on the basal diet with ultraviolet rays in a 
dosage sufficient to produce impiovement in calcification as great as 
that produced by 5 per cent of cod liver oil was less effective in reducing 
caries than feeding vitamin D, but this result is statistically inconclusive 
Addition to the basal diet of 2 per cent or 5 per cent of corn oil 
did not remedy the dietary deficiencies but nevertheless produced a 
significant reduction in caries statistically not distinguishable from that 
produced by feeding vitamin D in oil Thus at least part of the pro- 
tective effect of vitamin D-oil preparations appears to be contributed 
by the vitamin-free oil 
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Within the groups that received diets with adequate oi neaily ade- 
quate calcifying properties, individual variation in the incidence of caries 
was found to be unrelated to the blood levels of calcium or phosphorus 
Likewise, the degree of piotective effect against caries of the diets that 
were supplemented with calcifying agents was not related to the degree 
of their calcifying action From the evidence as a whole it appears that 
the protective effect against canes exerted by the calcifying foods may 
be independent of the mechanism of calcification and possibly of meta- 
bolic influences generally 



SPONTANEOUS ARTERIOSCLEROSIS IN RATS 


W C HUEPER, MD 

WILMINGTON, DEL 

In View of the complete lack of information in regard to the occur- 
rence and fiequency of spontaneous arteriosclerosis m rats (Duff ^), the 
following repoit ma} be of interest 

In the couise of loutine histologic examinations of the organs of 
seventy-five rats used foi experimental purposes, arteriosclerotic lesions 
were seen in the branches of the pulmonary artery m twelve On 
account of the lelatnel} small size of the lesions and the absence of 
serial sections it is probable that the incidence of artenosclerosis of the 
pulmonary aiteiy is higher than is apparent from these figures In none 
of the other oigans (brain, heart, ascending part of the aorta, liver, 
spleen, panel eas, adienal gland, kidney, testis and bladder) weie such 
changes observed The lats were adult and all had been obtained from 
one dealer, but no information is available as to whether they belonged to 
one stock As then death was the result of poisoning with a chemical 
that killed the animals within a few hours or days it is unlikely that 
an exogenous chemical factoi was the cause of or contributed to the 
pioduction of these lesions They were found m the large and medium- 
sized branches of the pulmonary artery and were most frequently 
located at oi neai the spui of bifui cations of this vessel While in the 
majority of the cases multiple plaques were shown in the walls of one 
or several vessels, occasionally only a single calcified focus was seen 
The gieatei number of the lesions consisted of cone-shaped calcified 
foci covered b}'^ endothelium and projecting into the lumen, being located 
in the subendothehal tissue and extending rather frequently into the 
media, which showed evidence of local hyaline degeneration In some 
instances the calcified foci weie indistinctly outlined stieaklike forma- 
tions involving only the media Small hyalimzed areas, sometimes con- 
taining minute central calcifications, were occasionally observed 
involving the media The intima cov'^ering these areas was often thick- 
ened and the seat of cellular proliferation It was noticed that there 
existed a moie or less maiked hypertrophy of the media m many of 
the smallei branches Complete obliteration of the lumen of a medium- 
sized vessel with a large calcium deposit m the partially hyalimzed and 
sclerotic wall was found in one instance As these observations were 
made on paiaffin sections exclusively no statements can be made as to 
the presence of deposition of lipoids in the vascular walls 

SUMMARY 

Arteriosclerotic lesions in the walls of the branches of the pulmonary 
artery of the white rat are described 

From the Haskell Laboratory of Industrial Toxicology 
1 Duff, G Lvman Arch Path 20 81, 193S 



MOUSE LEUKEMIA 

IX THE ROLE OF HEREDITY IN SPONTANEOUS CASES 
E C MacDOWELL, SD 

AND 

M N RICHTER, MD 

NEW YORK 

The geneial question of the relative potency of heredity and environ- 
ment must be replaced by a specific question for each specific case For 
all degrees of relationship between these categories of controlling 
influences are now known to exist Thus the distinction between 
so-called hereditary and nonhereditary traits is not clearcut nor does it 
represent a fundamental difference If the hereditary variables are rela- 
tively strong clearcut analyses in terms of specific genes are possible, 
when nonhereditary variables are strong, such analyses are rarely 
possible Between these limits he ail degrees of genetic potency and 
hence all degrees of reliability of genetic interpretation 

In the case of leukemia the evidence from human recoids seems 
to indicate that heredity plays a very mmoi lole ( Ardashnikov,^ Petri ®) 
In mice, the leukemia of which shows the closest possible resemblance 
to the human disease and its variations, heredity can be shown to have 
an unquestionable influence 

The only published discussion on heredity m relation to the spon- 
taneous leukemia of mice (Slye^) proposes a clearcut genetic intei- 
pretation on the basis of “perfect” and “nearly perfect” mendehan ratios 
The results herein presented confirm the existence of a hereditary 
predisposition to leukemia, but also show that m this case nonchromo- 
somal variables play such a conspicuous role that genetic ratios can be 
determined only b} breeding tests of the individual mice in a segre- 
gating generation, not by their own somatic conditions, and, further, that 
even within the limits of the highly controlled experiments described 

A cooperative project supported by a fund from the Carnegie Corporation 
and appropriations from the Research Fund of Columbia University 

From the Department of Genetics, Carnegie Institution of Washington, and 
the Department of Pathology, College of Physicians and Surgeons, Columbia 
Unnersitj'- 

1 Footnote deleted by the author 

2 Ardashnikov, S N Proc M Gorkj Med & Biol Research Inst 3 169 
1934 

3 Petri, S Acta path et microbiol Scandinar 10 330, 1933 

4 Slje, M Am J Cancer 15 1361, 1931 
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nonchromosomal vaiiables cannot be eliminated as constant, for then 
effectiveness vanes accoidmg to the genetic constitution of the mice 

LEUKEMIC STRAIN CSS 

In earlier papeis of the present series (Richtei and MacDowell,''" 
MacDowell and Richtei ®) refeience has been made to the frequent 
occurrence of spontaneous leukemia m an inbred strain of mice desig- 
nated as C58 This strain has provided most of the material for these 
studies The ancestors of stiam CSS were brought to the department 
of genetics m 1920 by Dr C C Little They were received fiom Mrs 
Gray to whom weie turned ovei the stocks of Mrs Abby Lathrop 
These stocks were derived from those studied m coopeiation with Dr 
Leo Loeb (Lathi op and Loeb ‘) The animals constituted a genetically 
heterogeneous group , they were of various colors — black, brown, yellow, 
brown agouti, subsequent inbreeding resulted m the isolation of sev- 
eral strains with characteristic traits, such as defects m development, 
a peculiar behavior pattern and the predisposition to leukemia Since 
1920 the matings m this stiam have been between brother and sister, 
m the early generations blacks and browns occurred, but the direct ances- 
tors of the 1 ecent generations have been homozygous black since the very 
earliest generations of inbreeding Before the eighteenth generation 
several animals with greatly enlarged spleens wei e casually noted Their 
occuirence m this strain was recognized as characteristic, but no par- 
ticular attention was paid to them, and the records tell nothing about 
the incidence since most of the animals were killed as soon as breeding 
became i educed This was usually eaily, foi anothei characteristic of 
this strain was earl}'- matuiity followed by unusually heavy deposition 
of fat and a short breeding period A few animals with large spleens 
and livers were preserved, and from sections their condition was sub- 
sequently diagnosed by Dr Alwm M Pappenheimer as lymphatic 
leukemia 

In 1928, when the coopeiative project on leukemia was undertaken 
by the two depaitments, all the animals of this strain not required for 
special experiments weie permitted to die naturally until a group of 637 
animals that lived at least six months was collected Since the animals 
used m the special experiments were taken entirely at random, this 
was a purely random sample of the strain These mice were born m 
generations 18 to 23 A second random sample consisted of 70 mice 
from generations 26 to 28, born m March and April 1931 

5 Richter, M N , and MacDowell, E C C®) Proc Soc Exper Biol & 
l^Ied 26 362, 1929, (&) J Exper Med 53 823, 1930 

6 MacDowell, E C , and Richter, M N Biol Zentralbl 52 266, 1932 

7 Lathrop, AEG, and Loeb, L J Exper Med 28 475, 1918 
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DIAGNOSES 

All these mice died and their disorders were diagnosed by one of us 
(M N R ) with the aid of the gross autopsy records and microscopic 
sections of the principal organs and tissues fixed in Zenker’s fluid and 
stained with hematoxylin and eosin 

The occurrence in this highly homogeneous strain of mice of various 
conditions involving malignant leukocytic infiltrations, recognized by 
different descriptive names, justifies the use of one teim to cover the 
group In the absence of any term entirely satisfactory for this pur- 
pose we have used the term “leukemia” as a matter of convenience, 
believing that definitive terminology can be established only at the com- 
pletion of experimental analysis Thus m the tables and pedigrees 
leukemia and related conditions are all classed as leukemia 

Serious difficulty was encountered in the diagnosis of certain con- 
ditions owing to rapid changes post mortem, and to death from other 
causes with leukemia m some incipient stage Occasionally othei 
puzzling histologic conditions were encountered that defied diagnosis 
Thus a class of doubtful cases arose In the first sample of 637 mice 
99 cases (15 5 per cent) were doubtful, m 63 per cent of these the doubt 
was manifestly due to changes post mortem Thirty-five of the doubtful 
cases were considered to be probably cases of leukemia, and 20, prob- 
ably cases of nonleukemic disorders, no probability was indicated for 
the remaining 44 cases In order to minimize the doubtful cases the 
animals m the second sample were killed as soon as clear clinical indi- 
cations of leukemia were found or on approach of a moribund condi- 
tion In this way definite diagnoses were obtained for all except 2 
mice which died unexpectedly The virtual elimination of doubtful cases 
in this sample may indicate that slight changes post mortem can lead to 
doubt 01 that doubt may be due to terminal complications of various 
sorts Breeding tests (table 4) showed that mice with doubtful diag- 
noses were not genetically different from those with positive diagnoses 
Thus doubtful cases as a whole appear to represent an accidental class 
without significance for this study So far as this is true they form a 
random sample, and their elimination from the calculations of the inci- 
dence of leukemia appears to be the least unsatisfactory method of 
dealing with them When so calculated the incidence of leukemia m 
the two samples from strain C58 becomes 90 1 per cent and 85 3 per cent 
of the definite diagnoses 

In the great prepondei ance of the cases the leukemia was of the 
lymphatic type Out of a grand total of 543 cases in which leukemia 
Mas positively diagnosed, in 450 the condition was lymphatic (m 19 of 
these, lymphosarcomatous) , m 6, myeloid, and m 87, doubtful as to 
cell type In 55 ot the doubtful cases the condition vas called “prob- 
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ably lymphatic” and m 3 “probably myeloid ” The doubt as to cell type 
was referable to changes post mortem m 71 cases The cases of mye- 
loid leukemia were not concentrated in any part of the inbred pedigree, 
and they appeared occasionally in both hybrid geneiations of the cross 
leported Since nothing can be said at present as to the etiologic 
relations of lymphatic and myeloid leukemia the distinction is not made 
111 the numerical statement of results 

Table 1 — The Ancestors of the Mice Studied, Shoivmg the Relationship of the 

Sections Indicated as A, B and C 


Generation 

P 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 
10 

16 


17 


9 C 0 S» X cT C 32 * 

9 1281 * X cf 1280 * 

, 1 1 

9 2119 * x cT 2362 * 

9 2541 X e 2540 

I -* 1 

9 4582 X 40 50 
9 6959 X cf 6956 
9 9049 X cf 9645 

I ^ 1 

9 11723 X d* 11 722 
9 14601 X cT 14597 
9 17933 X e 17929 


9 21044 X S 21041 

9 24230 X cT 24232 

. 1 > 

9 28208 X cf 28212 x 9 29457 

9 33404 X e 33171 

9 34445 X cf 34444 

9 3 8210 X d* 38208 X 9 ^209 


9 40 037 X cf 40036 X 9 4W38 




T— I 


9 42104 X cT 42101 

3 , . 


9 43836 X e 43833 X | 


9 43675 X cT 43072 

I 

B 


I 1 

9 45 S 5 S X c? 45855 

I 

O 


* Animals In the first three generations were recorded in the pedigree book of Dr O C 
I/ittle while he was In the department of genetics 

GENETIC HOMOGENEITY OF STRAIN CSS 
Inbreeding leads to genetic uniformity Fourteen generations of 
brother and sister matings theoretically insures a high degree of homo- 
zygosity Thus in strain C58, 14 generations of such inbreeding (table 1) 
resulted in a common genetic constitution that on sufficient obser- 
vation proved to predispose to leukemia But even so leukemia was not 
manifest in all mice of the strain, 10 per cent of the definite diagnoses 
were negative for leukemia The inference to be diawn is that differ- 
ences represented in the negative and positive cases are not genetic 
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difiterences This can be checked in two ways If theie are no genetic 
differences between leukemic and nonleukemic mice in this strain the 
nonleukemic mice should be scattered at random through the diffeient 
families and branches of the pedigree and the offspring of the nonleu- 
kemic parents should give the same incidence of leukemia as the offspring 
of the leukemic parents 

Table 2A — The Leukemic, Nonleukemtc and Doubtful Offspiing in the Fust 
Sample of Sir Hundred and Thvty-Seven Mice fiom Stiain CSS, 
Geueiations 18 to 22, Classified by Fatheis 


Generation Tathers* 


16 

17 

18 
19 

19 

20 
21 
22 
23 
22 
21 
22 
22 
22 
21 
22 
21 
22 
22 
20 
21 


38208 
140086 
143833 


148387 
146864 
150418 
[52437 
53449 
53232 
53947 
52649 
53641 
54296 
53567 
53376 
64398 
52708 
154101 
153705 
32489 
53320 


Oflspnngt 

, * , 

+ - ? 


8 

3 

19 

43 

17 

10 

12 

S 

28 

8 

7 

3 

5 

2 

29 

5 

3 

28 

S 

248 


0 

1 

r> 

0 

7 

1 
2 
2 
1 
2 
0 
0 
1 
1 
1 
5 
0 
0 
1 
1 

29 


0 

0 

o 

9 

2 

O 

0 

0 

1 
10 

2 

1 

0 

0 

5 

5 

1 

1 

2 

1 

43 


18 B 

19 

20 
21 
21 
20 
20 
21 
21 
20 

19 

20 
21 


43072 
46017 
49332 
[52028 
1 53245 
52447 
49159 
152535 
152769 
53508 
49717 
52496 
54003 


0 12 

25 3 8 

28 1 9 

3 0 1 

12 1 2 

2 0 0 

26 1 3 

11 0 3 

9 2 1 

Oil 
34 2 0 

40 4 5 

2 0 1 


17 

18 

19 

20 


O 


42101 

45855 

49917 

53230 


Total 


198 

18 

42 

4 

2 

0 

34 

3 

10 

1 

1 

2 

39 

6 

12 


- , 



485 

53 

99 


* A son is below his father and one step to the right 

means leukemic, the minus sign, nonleukemic, the question mark, doubtful 


Evidence on these points is given in tables 2 to 4 Table 2 summar- 
izes the data from the first group of 637 mice according to individual 
fathers and table 3 according to generations It is clear that the non- 
leukemic as well as the doubtful leukemic offspring were distributed 
through all the pedigree, this is direct evidence of genetic homogeneity 
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Table 4 classifies all the matings according to the diagnoses of conditions 
in the parents While the number of nonleukemic parents is necessarily 
small, it IS none the less certain that matings involving 1 or 2 nonleukemic 
parents yielded fully as large proportions of leukemic olfspring as mat- 
ings between 2 leukemic parents Thus by direct breeding test nonleu- 
kemic animals in stiain C58 were shown to be genetically the same as 
the mice that died of leukemia From this it follows that heredity was 
strong enough to lead to leukemia in most of the mice of strain CSS, 
but 10 pel cent of them met conditions that prevented the manifestation 


Table 2B — Lcukemtc, Nottleukcmic and Doubtful Ojfspimg tn the Second Sample 
of Seventy Mice ft out Stiam C58, Gcneiatwns 26 to 28, Classified by 
Fatheis, Giving the Connection with the Eailiei Sample 







Offspring 






r 

— Js, ... — 

^ 

Generation 


rathers 

+ 

— 

? 

21 

152649 






22 

54296 






23 1 

56619 





24 

6139S 




23 


003SS 




26 



70130 




27 



77071 

4 

0 

0 

25 


64430 




26 



07200 




27 



70324 

4 

1 

0 

21 

o270S 






22 

56301 






23 

60364 





24 

01703 




25 


164324 




20 



OSSflO 




27 



72085 

7 

1 

1 

28 




4 

0 

1 

26 



72948 

12 

4 

0 

27 



09495 




28 



77942 

13 

0 

0 

25 


04378 




26 



07143 




27 



72834 

5 

0 

0 

26 



[68767 




27 



[77407 

5 

4 

0 

27 



177412 

4 

0 

0 

Totals 




— 

• 

— 

Generation 26 


12 

4 

0 

Generation 27 


29 

6 

I 

Generation 28 


17 

0 

1 


of the hei editary tendency One could say that in strain CSS heredity 
was 9 times as potent as nongenetic variables in conti oiling the inci- 
dence of leukemia It might be supposed that death from some inde- 
pendent cause befoie leukemia could manifest itself accounts foi the 
negative cases This cannot have pla3’'ed any primary part since the 
animals not showing leukemia tended to live longer than those with 
the disease (average age at death of 63 nonleukemic animals, 495 5 days , 
a\erage age of 543 leukemic mice, 396 4 days) , 55 leukemic mice died 
earliei than the youngest nonleukemic one, and the oldest 3 mice were 
without sign of this condition, 47 per cent of the leukemic mice died 
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before 360 days, as compared with only 22 pei cent of the mice free 
from this disease 

All the mice of strain C58 mheiited a tendency toward malignant 
change in the leukocytes But even among those with leukemia there 
was indication of the action of nongenetic influences since different mice 
showed considerable range in the malignant manifestation Tiansniis- 
Sion experiments have proved the existence of lines of malignant lympho- 
cytes with many different traits (Richtei and MacDowell , Victor and 


Table 3 — Spontaneous Leukemia tn Sfiavt CSS A Suminaiy of the Diagnoses 
According to Branch of Siiain and Accoidmg to Inhied Genci atwn 
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distiibuted generally through the pedigree without lespect to the occur- 
rence of leukemia Calling the offspring of one father by his sibs a 
family, one finds that of 35 families 17 disclosed no neoplasm besides leu- 
kemia while 18 each included 1 or 2 mice with the certain or question- 
able presence of some other neoplasm Special attention should be called 
to 2 bone tumors as well as to the scarcity (2 cases) of mammary car- 

Table S — Occiiiience of Othct Neoplasms in Leukemic, Nonleukemic and 
Doubiful Offspnng Classified Accoidtng to Paieniagc 


Gene 

ration Tathers 


16 

17 

IS 

19 

19 

20 
21 
22 
23 
23 
21 
22 
22 
22 
21 
22 
21 
22 
22 
20 
21 


3820S 

40086 

43833 

148387 

146864 

50418 

62437 

153449 

55252 


53947 
52649 
53641 
54296 
53567 
53376 
54398 
52708 
154101 
(53705 
52489 
53320 


IS 

19 

20 
21 
21 
20 
20 
21 
21 
20 

19 

20 


,43672 

46617 

49352 

152628 

(53243 

52447 

49159 

(62535 

(52769 

53508 

49n7 

52496 


21 


54063 


Neoplasms in 
Leukemic 
Offspring 


Neoplasms in 
Nonleukemic 
Offspring 


Neoplasms In Offspring 
In Which Leukemia 
Was Doubtful 


Carcinoma of lung Adenoma of liver 

Sarcoma 

Sarcoma (?) of mesenteric node 
Neoplasm (?) of spleen 

Carcinoma of breast 
Carcinoma of lung 


Carcinoma of lung Carcinoma of kidnej 
Hemangioma and adc 
noma of liver 
“Vdenoma of liver 

Carcinoma of lung Adenoma of Ih cr 

Sarcoma (’) of li\er Epithelioma 


Carcinoma of breast 

Adenoma of liier (?) Adenoma of bile ducts 

Chondro osteosarcoma 
Cylindroma of parotid gland 
Sarcoma (’) of node 

Hemangioma of Ih er 
Osteoblastic sarcoma 


17 

18 

19 

20 


42101 

45855 

49917 

53250 


Hemangioma of pancreas 

IS (485) = 2 7% 6 (53) = 11 3% 5 (99) =51% 

Total 24 (037) = 3 8% 


cinoma The appearance of such sporadic cases of various neoplasms 
IS commonly classified as nongenetic whereas it would be more correct 
to say that the constitution of mice of strain CSS is such that only 
under very unusual circumstances will such and such a neoplasm other 
than leukemia develop 

STRAIN STORRS-LITTLE 

In order to prove the existence of hereditary influence it is neces- 
sary not only to demonstrate the occurrence of a trait in successive 
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generations ot a given strain but to sliow that undei the same external 
conditions stiains with difterent constitutions give different lesults 
Whereas seveial strains hied side by side with C58 have never shown 
a single case of leukemia, only one, StoLi (Stoiis-Little), has been 
extensnely studied This is the strain that was not susceptible to 
inoculation Mith leukemic cells of line I (MacDowell and Richter®) 
The records ot 306 autopsies between generations 14 and 29 of bi other 
and sistei mating have been studied The outstanding neoplastic 
characteristic of this strain of pink-eyed dilute-brown mice was the 
incidence of mammary caicmoma Among 87 autopsies on females m 
fifenerations 14 to 19 uere found 44 cases of mammaiy carcinoma, that 
IS, 50 6 pel cent of all females showed this neoplasm in compaiison with 
0 5 per cent of the females from strain C58 How ever, after generation 
19 the incidence of mammary caicmoma was suddenly and inexplicably 
reduced to 4 7 per cent (m 169 females) There w’as no change in care, 
diet or room and there was no elmiination of branches of the pedigree 
that could be connected with this change For the whole senes (256 
females) the incidence of mammary carcinoma becomes 20 3 pei cent 
A few other tumors w'ere scattered through the pedigiee, most of these 
were carcinoma, but foui (13 per cent of all autopsies) were diagnosed 
as lymphatic leukemia 

The isolated cases of leukemia m StoLi coiiespond in fiequency 
to the isolated cases of mammary carcinoma m C5S, they weie non- 
genetic in the sense that they appeared only undei very unusual con- 
ditions But should othei strains of mice be found the constitutions 
of which do not permit the appearance of either of these types of neo- 
plasm under any conditions, they w'ould provide a basis for measure- 
ment of the genetic influence in such so-called nongenetic cases 

Thus with a common environment there is established a diflteience 
between these two strains in the incidence of leukemia which is to be 
accredited to heiedity and which is represented roughly by 90 pei cent 
and 1 per cent With these facts m hand a genetic analysis of this 
difference can be made by study of the segregation m generations fol- 
lowing a Cl OSS between these two strains 

FIRST GENERATION HYBRIDS BETWEEN CSS -VND STOLI 

If a stiain is genetically homogeneous all germ cells aie geneticall> 
alike so that in the first generation of a cross betw^een two homogeneous 
strains eveiy feitilized egg must be genetically like eveiy other one 
Thus in the cioss of strain CSS and strain StoLi all hybrids in the fiist 
generation are as genetically uniform as the parent strains Table 6 
shows that of 106 offspring with definite diagnoses from CSS fatheis 
and StoLi mothers 42 5 per cent had leukemia, a reduction of virtually 
one half in the incidence of leukemia This intermediacy in the incidence 
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of leukemia is not reflected in the charactei of the leukemia, for the 
cases cannot be distinguished from those in the puie bred strain, nor 
does this constitute an example of intermediate or blending inheritance, 
for in blending inheritance differences in genetic condition are indicated 
directly m somatic differences Since the mice in this generation are 
genetically alike the presence or absence of leukemia must be decided 
by nonchromosomal variables Thus m the fiist hybrid generation, 
as in the puie bred strain CSS, the somatic manifestation of the indi- 
vidual mouse IS not a direct measure of its genetic constitution But 
in this geneiation the relative influence of nongenetic variables is more 
than 5 tunes as strong as m the inbred mice of stiaiii CSS Closely 
parallel lesults fiom hybridization of strains of mice characterized 
by high and low cancer rates have been reported by Lathi op and Loeb ’’ 

Table 6 — Fust Geueiahon (Fi) ijom Rccifuocal Matings Between Eleven Males 
and Seventeen Females from Stiain C58 and Six Males and Tzventv-One 

Females of Sham StoLi 








Percentage of Definite 


Number ol Offspring from 


Diagnoses Positive for 


t 

K. 



■■ ■ .. 

I/eulvCmia in Mice from 


0 58 Mothers 

Stol<i Mothers 

r ~ 't 



\ 

/ 

A 

— , 

C 58 StoLi Differ 

Se\ 

'+ — 

? 

+ 

— 

? 

Mothers Mothers ence 

Male 

41 32 

13 

20 

S8 

13 

50 2 40 0 15 0 

i’emale 

43 21 

14 

19 

23 

21 

OS 2 45 2 23 0 

Total 






01 9 42 5 19 4 -+• 4 3 = 







45 X PE 


Among the nonchromosomal variables which modify the manifes- 
tation of leukemic heredity one important influence is transmitted 
through the mother alone The results so far consideied have not been 
subject to this influence since the discussion has been based on hybrids 
receiving the leukemic inheritance from then fathers The con esponding 
figuies foi transmission through the mothers are 19 4 per cent higher, 
a difference of unquestionable statistical significance A question of sex 
linkage naturally arises, for m a cross involving sex linkage leciprocal 
matings give different results in the first generation, but these differences 
aie confined to the males alone In this case the female offspring show 
as much or even more difference than the males Thus sex linkage is 
eliminated 

Length of life (table 7 ) gn'-es further evidence of difference between 
offspring from the leciprocal matings of this cioss The aveiage dif- 
ference, 138 days, is twelve times its piobable eiior Sex linkage is not 
involved since females show as gieat a difference as males (difference 
for males, 132 3 days, for females, 144 6 days) 




MacDOWELL-RlCHTER— MOUSE LEUKEMIA 


719 


Again evidence of nonchi omosomal maternal tiansmission appears 
in the case of transmission of mammary carcinoma fiom strain StoLi 
Excluding matings i\ith StoLi after the nineteenth generation, when 
the incidence of maminai}^ carcinoma became i educed, the difference 
(39 7 per cent more mammary caicmoma m daughteis from StoLi 
inotheis than in those from CSS mothers) is statistically significant 
(7 7 times the probable eiror) Thus m one form of the cioss is found 
an excess of leukemia, in the other, an excess of carcinoma This 
negative correlation between the two types of neoplastic disease indi- 
cates specific diffeience but similarity m the type of transmission Some 
indication of such maternal influence on the cancer late in hybrids 
was given by Lathi op and Loeb ' More lecently several crosses reported 
bytheRoscoeB Jackson Memorial Laboratory (through C C Little^*') 
involving nide differences in the incidence of mammai) tumors show 
striking differences in the first generation from reciprocal matings 


Tabie 7 — Atciagc Length of Ltfc tit Da\s 





Offspring 



Parents 

f 

Lculcmic 

XonlcuKcmlc 

Males* 

Icmales* 

Total 

CSS 

390 4 (543) t 

495 4 (03) 

447 5 (327) 

384 1 (SSO) 

413 4 

StoLi 

603 0 (302) 

348 2 (50) 

580 5 (252) 

503 9 

StoLI/C oS 

7291 

039 0 

084 4 

082 4 

083 5 

0 58/StoLI 

554 3 

603 7 

552 1 

637 8 

545 2 

Difference 
Difletence/P E 

174 S -1-17 0 

99 

135 9 ± 20 0 

78 

132 S ± 13 5 

85 

144 0 ± 17 1 

84 

133 3 ± 11 5 

12 0 


* Includes positive, neenthe and doubtlul cases 
t The number ot mice Is given in pnren theses 


The mechanism of this mateinal tiansmission has not been demon- 
strated, but the probability is strong that the cytoplasm of the egg is 
involved since this constitutes the outstanding difference between the 
contribution of male and female germ cells Ihere remains, howevei, 
the possibility that some influence is transmitted tlnough the placenta 
during gestation The influence of mother’s milk has been laigelj'^ 
eliminated by fostering experiments in rvhich C58 mice were nursed by 
foster mothers in nonleukemic strains and StoLi mice by CSS mothers 
without reducing the incidence of leukemia in CSS mice or inducing 
It in StoLr mice 

Whereas the expression of both leukemia and mammary caicmoma is 
subject to nonchromosomal influence transmitted by the mother, when 
this is eliminated there remain in each case other unidentified sources 
of nonchromosomal and entirely nongenetic influence the effectiveness of 
rvhich IS even greater 


10 Little, C C Science 78 465, 1933 
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Although clearcut dominance and recessiveness have been called 
into the discussion of the manner of inheritance of leukemia by Slye,^ 
it IS certain that no such phenomenon is represented by these results 
One might indeed consider that leukemia is a lecessive tiait stimulated 
into expression in hybrids by nongenetic variables, but one could equally 
well consider that it is a dominant trait the expression of which is 
inhibited by certain nonchromosomal vaiiables Thus the terms 
“dominance” and “recessiveness” have no meaning in this case This 
conclusion agrees with an enormous mass of genetic evidence indicating 
that the concept of complete dominance has little if any general signifi- 
cance (Hogben 

BACK CROSS TO STOLI 

Just as breeding tests gave direct verification of the evidence that 
pure bred mice of strain 058 were genetically alike whether they had 
leukemia or not, the genetic uniformit)’’ of mice in the fiist hybrid gener- 


Table 8 — Bleeding Tests of Hybttds (Fi) with Diffeienf Diagnosis'^ 


Diagnosis of Hybrid Parents 

+ 

/" 

37 

Offspring 

37 

s 

10 

Percentage of Definite 
Diagnoses Positive 
for Leukemia 

500 

— 

16 

21 

7 

43 2 

? 

21 

27 

12 

43 8 


* Pregeny of Pi females from 058 mothers and StoLI fathers crossed back to StoLi males 
The Pi males used in the back cross were all leukemic 


atioii has been directly substantiated by compaimg the offspring of 
leukemic and nonleukemic hybrids crossed back to the puie bred strain 
StoLi Table 8 gives the figures for this compaiison 

Table 9 gives further evidence of nonchromosomal maternal influence 
For in this back cross generation the incidence of leukemia is significantly 
highei (26 7 per cent) when the hybrid parent is the mothei 

In back ciosses genetic segregation occurs Although the individual 
mice in the first hybrid generation are alike, the germ cells they pio- 
duce are diverse, including all possible combinations of the genes by 
which the paient strains differ So far as genetic constitution is directly 
expiessed in the somatic conditions of the individual mice the back 
cross provides evidence of the number of genes by which the two pure 
strains differ Thus the mice in this generation were divisible accord- 
ing to color of hair into eight equal groups coi responding to the eight 
possible combinations of the three pairs of genes influencing the color 
of hair by which C58 and StoLi differ In the same nay haie occuried 
the segregation and recombination of all othei genetic detei miners, 

11 Hogben, L Nature and Nurture, New York, W W Norton S. Company* 
Inc. 1934 
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whether for structural, physiologic or pathologic tiaits In regard to 
leukemia it is obvious that the genetic constitution is not dii ectly expiessed 
somatically , a leukemic and a nonleukemic mouse may have the same 
constitution, while two leukemic mice may be genetically different 

Thus the incidence of leukemia m the back cross does not give 
a basis for determining the numbei of units responsible for the hereditary 
difference between CSS and StoLi Aid in such a genetic analysis would 
be afforded by findings that some gene influencing the occurrence of 
leukemia was located in the same chromosome as a gene for color of 
hair This linkage would be indicated by irregularity in the distiibution 
of leukemic mice among the eight color classes However, the classi- 
fication of data in this way showed essential uniformity in the distribu- 
tion *of leukemia among the color classes 

Table 9 — Incidence of Leukemia in Back Cioss Mice Classified According to the 
Sev of the Hybud Patent (Matings of StoLi with Hyhtids ftom CSS 
Mothers and StoLi Fathcts) 


Offspring Percentoge of Doflnlte Difference 

/ ^ Diagnoses Posithe 

HyBrld Parents + — ? for Leukemia PE 

Father 19 77 18 19 8 

Mother 74 85 29 46 S 


Difference 


2C7±3S 70 


Animals from the lecipiocal matings of the back cross also differ 
significantly m longevity The average length of life (559 days, 188 
mice vs 652 4 days, 114 mice) is 93 4 ±: 13 9 days longer (6 7 times 
the probable error) when the mother is puie-bied StoLi Thus in two 
hybrid generations longer life is associated with less leukemia, this is 
also the case in the two pure-bred strains But this relationship is not 
directly causal because (1) the difference in length of life is shown 
by the leukemic as well as by the nonleukemic mice, (2) from pure 
StoLi fathers the first hybrid generation and back cross animals show 
almost exactly the same length of life as the pure StoLi animals, 545, 
559 and 564 days, respectively, yet they give 61 9, 46 5 and 1 3 pei cent 
leukemic mice, (3) first generation hybrids with StoLi mothers and 
back cross animals with StoLi fathers give nearly the same proportion 
of leukemic mice, but the average length of life differs by 124 days In 
other words, leukemia transmitted through fathers gives midparental 
incidence in both hybrid generations, whereas greatei longevity trans- 
mitted through fathers gives the same length of life in the two hybrid 
generations as in the puie-bred longer-living stiain Transmitted by 
mothers the longevity in the two hybrid generations is significantly 
greater than in the pure-bred longer-living stiain 
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The simple fact is that with the maternal factor haired the incidence 
of leukemia is reduced about half when the total heredity from strain 
CSS is reduced one half , when this is again reduced by one half by 
the back cioss the incidence of leukemia is again reduced about half 
The role of heredity is unquestionable and can be expressed in quanti- 
tative terms This is the type of correlation between heredity and 
somatic traits observed by Galton, on the basis of such evidence a 
general statistical description of heredity called Galton’s law was formu- 
lated However, this takes no account of the transmission of traits in. 
terms of genes With results of this type many theoretical interpreta- 
tions in terms of genes could be proposed, but the only possibility of 
obtaining evidence to distinguish between these interpretations lies la 
testing the genetic constitution of every individual mouse in the back 
cross by its transmission of leukemia to its offspring m a second back 
CIOSS Classified on such a basis the animals in the first back cross 
would reveal a genetic ratio capable of significant interpretation 
Unfortunately the program foi these experiments did not include such 
a second back cross, which will have to await a repetition of the original 
Cl ossing 

COMMENT 

Strains of mice charactei ized by spontaneous conditions similar to 
the leukemia in stiain CSS have been reported, respectively, by 
Dobrovolskaia-Zavadskaia,^^ McCoy-Hill and Slye ^ The first men- 
tioned strain, in compaiison with various other stiains in the same 
laboratory which together gave an incidence of 6 per cent, showed an 
incidence of 20 pei cent (total number of mice, 143) The second strain 
had been inbred since 1920 under the direction of Dr T Brailsford 
Robertson, in a sample of 216 mice 134 (62 per cent) showed some 
form of lymphoid or myeloid hyperplasia Of these, 50 per cent 
had l 3 ’-mphoid, 14 per cent myeloid, 23 per cent atypical or 
mixed types of hyperplasia, and the remainder had what was 
called Hodgkin’s disease Slye gave a pedigree mostly of brother 
and sister matings showing the causes of death in 152 mice, of which 
36 (23 7 pei cent) had some form of leukemic disease, however, in 
one branch the incidence was much higher Four successive generations 
of this branch consisted of (1) 3 leukemic and 3 nonleukemic mice, 
(2) 5 leukemic and no nonleukemic mice, (3) 3 leukemic and no 
nonleukemic mice, and (4) 3 leukemic and no nonleukemic ones Slye 
is the only author who deals directly with the genetics of mouse 
leukemia , she believes that all neoplastic conditions, including leukemia, 

12 Dobrovolskaia-Zavadskala, N Compt rend Soc de biol 109 339, 1932. 

13 McCoy-HilI, F J Cancer Research 14 325, 1930 
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depend on a single recessive mendelian gene However, geneticists 
do not concui in this opinion since the evidence necessary foi such a 
conclusion has not been given 

Her case rests on the accumulation of instances The papei on 
leukemia is based on 36 cases of leukemic diseases m one pedigiee, 14 
others are mentioned specifically, while 924 cases in othei pedigiees 
in the first 50,000 autopsies are not accounted for in any way No 
explanation is given of this abstemious use of available data, oi of why 
this particular set was presented Such selected evidence might justify 
a working hypothesis, but an acceptable conclusion lequues the elimina- 
tion of alternative hypotheses by experimental tests 

Although dealing with an experimental animal and using the termi- 
nology of genetics, Slj'e has not used the basic genetic test Cioss 
breeding is the critical tool foi analj^sis of genetic differences It con- 
sists of deliberate matings between animals fiom strains showing con- 
sistent differences, the generations designated as and Fo, etc, aie 
defined by the experimental procedure, the lesults can be checked by 
lepetitions with different animals In contiast to this the procedure 
of Slye has been to breed the mice and after all were dead to decide from 
the results which mating was a “cross ” The data presented concern 
an inbred pedigree of 11 generations oiiginating in a single pair of 
mice with a “common house mouse” as father in one of the matings 
in the second generation (a mating that was not referred to as a 
“cross”) All other matings shown on the charts were between brother 
and sister The failure to submit her hypothesis to the tests of a cross 
was not due to the lack of a contrasted strain, foi she states “There 
have been very many strains in the laboratory completely free from 
any form of these diseases Into these stiains I have never bred any 
leukemia nor has it arisen spoiadically m such strains” (conclusion 
2, p 1384) 

But before the number of genes can be determined by the segrega- 
tion following a cross it is necessary to delimit the influence of non- 
genetic variables Slye’s inbred pedigiee represents the progress of 
genetic purification which must precede an evaluation of nongenetic 
variables, but her data stop at the point at which such an evaluation 
might have begun With the relative potency of genetic and nongenetic 
factors unestablished, any interpretation of her data must remain purely 
hypothetic If nongenetic factors influence the results, as Slye has 
admitted m certain places and as the present study amply affirms, a 
single gene will not yield conventional ratios, and so the close similarity 
of certain of hei lesults to mendelian ratios serves to deny the very 
hypothesis which she claims they veiify ^ 
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Slye offeis no interpretation of the genetic differences between strains 
in the frequency and in the type of neoplasm, although she is apparently 
dealing with such differences She stresses the point that leukemia occurs 
in strains along with other tumors, but also states that she has tumor 
strains in which leukemia has never appeared In spite of this indica- 
tion that the genetic control of leukemia differs fiom that of other 
neoplasms, the genetic conclusions on leukemia are given only in terms 
of malignancy and nonmalignancy 

CONCLUSIONS 

The piedisposition to leukemia and related diseases in mice of strain 
CSS IS specifically heiitable 

In crosses with strain StoLi the incidence of leukemia is roughly 
coi related with the pioportion of total heredity from strain CSS 

In the incidence of leukemia nonchromosonal vaiiables play a idle 
that glows increasingly impoitant as the proportion of total leukemic 
heredity is reduced 

Among nonchi omosomal influences that act as deciding factors in 
the incidence of leukemia an important one is tiansmitted by the mother 

Under these conditions somatic expression of leukemia in a segregat- 
ing generation cannot disclose genetic latios Such ratios can be obtained 
only by classification according to progeny tests 



THE NATURE OF THE ANEMIA IN ACUTE 

LEUKEMIA 


R H JAFFfi, MD 

CHICAGO 

One of the most characteristic symptoms of acute leukemia is the 
severe and rapidly progressing anemia, which in the subleukemic and 
aleukemic form often causes considerable difficulties in difteiential 
diagnosis (Kracke,^ Naegeli,=* Parker Weber, = RosenthaU and otheis) 
This anemia may develop during the course of the disease, oi it may 
precede it for weeks or even months In some cases the disease first 
presents itself under the clinical and hematologic picture of aplastic 
anemia oi hemorrhagic aleukia Eithei spontaneously or undei the 
influence of antianemic tieatment the anemic condition may impiove 
tempoiarily, and the blood count may show practically normal values 
The second attack usually is typically leukemic, the treatment that 
prompted the first remission is of no avail, and the disease terminates 
rapidly in death (Colanzi,® Klein,® Knudsen,'^ Scholtz,® Ullrich® and 
others) With the diagnosis of leukemia established, reexamination of 
the slides of the blood made during the first attack may reveal single 
very immatuie white blood cells, which at the first examination were mis- 
taken for lymphocytes These cases of severe initial anemia and leuko- 
penia have induced some investigators to assume that there are 
pathogenic relations between the aleukias and leukemia, considering 
the two as different reactions to the same etiologic agent (Ederle and 
Esche,^® Segerdahl,^^ Rittmann,^® Strumia^® and Ulhich®) 

From the Department of Pathology of the Cook County Hospital and 
the Uihlein Memorial Laboratory of the Grant Hospital 

1 Kracke, R R , and Carver, H JAMA 104 697, 1935 

2 Naegeh, O Blutkrankheiten und Blutdiagnostik, ed 5, Berlin, Julms 
Springer, 1931 

3 Weber, F P Quart J Med 1 409, 1932 Weber, F P , and Weiss- 
wange, W Deutsches Arch f khn Med 176 422, 1934 

4 Rosenthal, N Am J Clin Path 1 7, 1932 

5 Colarizi, A Haematologica 16 49, 1935 

6 Klein, cited by Naegeh 2 

7 Knudsen, O Ugesk f Iseger 96 1374, 1934 

8 Scholtz, H G Folia haemat 45 352, 1931 

9 Ullrich, O Ztschr f Kinderh 53 487, 1932 

10 Ederle, W , and Esche, G Folia haemat 52 179, 1934 

11 Segerdahl, E Folia haemat 52 68, 1934 

12 Rittmann, R Folia haemat 51 207, 1934 

13 Strumia, M M Am J M Sc 187 826, 1934 
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At the present tune the severe anemia of acute leukemia is gen- 
erally attributed to the replacement of erythropoietic tissue by leukemic 
tissue Whipple and Robscheit-Robbins/^ who analyzed the In'^ei chemi- 
cally in a series of cases of acute leukemia, did not find an increase 
in the iron content and concluded that there was no or very little 
evidence of excessive destruction of the blood On the othei hand, 
von Kress pointed to the hemosiderosis of the blood-forming organs 
and to the increased excretion of urobilin in the feces and in the urine 
as indicating an excessive destruction of erythrocjdes The hemor- 
rhages, which are common in cases of acute leukemia, may contribute 
to the anemia, but there is no constant parallelism between the pro- 
gression of the anemia and the intensity of the hemoirhagic diathesis 
Reference has also been made to the possibility that hemotoxic sub- 
stances may be produced by the leukemic tissue (Hirschfeld In 
an earlier paper I described a marked hyperplasia of the erythro- 
poietic tissue of the bone marrow and exti amedullary foci of eryth- 
lopoiesis 111 many cases of leukemia I have also stressed the fiequent 
occurrence of consideiable hemosiderosis, suggesting that excessive 
destiuction of the red blood cells rather than lack of erythropoietic 
tissue may account for the anemia This conception is supported by 
the fact that m some cases of acute leukemia the patient dies of severe 
anemia befoie the leukemia has developed fully Even though the 
blood picture may be typical of leukemia, microscopic examination of 
the oigans shows only slight leukemic changes and a considerable 
amount of normal myelopoietic tissue During the last thiee years I 
have observed five patients whose cases fit into this description, and 
since these cases may cast light on the obscure pathogenesis of acute 
leukemia, they are reported here in detail 

REPORT OF CASES 

Case 1 — Hisfojy and Cowse — A Negro boy aged 4 years was first admitted 
to a surgical ward because fracture of the skull was suspected Three days 
before admission the child fell against a table and remained unconscious for 
ten minutes Three days later the nose started to bleed, and vomiting followed 
The next day the stools were black The child was restless during the night 
and the next morning appeared drowsy 

On his admission the temperature was 98 8 F , the respirator}"- rate 28 and 
the pulse rate 170 The liver could be palpated 2 fingerbreadths below the costal 
arch, and the spleen extended for 2 fingerbreadths below the costal arch In the 

14 Whipple, G H , and Robscheit-Robbins, F S J Exper Med 57 671, 
1933 

15 von Kress, H Deutsches Arch f klin Med 176 359, 1934 

16 Hirschfeld, H , in Schittenhelm, A Handbuch der Krankheiten des Blutes, 
Berlin, Julius Springer, 1925, vol 1 

17 Jaffe, R H Folia haemat 49 51, 1933 
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skin there were numerous hemorrhagic areas ranging from the size of a pin- 
point to a diameter of 2 inches (5 cm) The axillarj and inguinal Kmph 
nodes were palpable 

The Wassermann and Kahn reactions were negative The blood showed 
8 68 mg of uric acid per hundred cubic centimeters The urine was normal 
Blood was noted in the stools 

Repeated intramuscular injections of w'hole blood had no effect, and the child 
died on the third daj after admission, after an illness of apparently only six days 

E\(iiuiu(itioH of the Blood — The blood count showed erythrocj'tes, 1,260,000, 
hemoglobin, 4 2 Gm (Newcomer) , reticulocytes, 4 8 per cent, leukocytes, 33,800, 
hemocvtoblasts (stem cells), 27 2 per cent, large lymphocytes, 27 2 per cent, 
small lymphocytes, 19 2 per cent, promyelocytes, 0 8 per cent, metamyelocytes, 
2 4 per cent , neurophdic leukocytes, 8 per cent , plasma cells, 0 8 per cent, and 
inonocydes, 14 4 per cent There were marked poikilocytosis and anlsoc^ tosis, 
many polyxhromatophils and 7 normoblasts and 1 ervthrogonnim, per hundred 
leukocytes There were 82,000 platelets The bleeding time was six and one- 
half minutes 


Gloss Po’itmoAem E\omi)talio)i — There w’ere cyidences of severe anemia 
Petechial hemorrhages w'cre observed m the skin, lungs, pleura, epicardium, renal 
pehis, brain and leptomeninges There was fatty degeneration of the m^o- 
cardium, liver and kidneys The spleen w'as hyperplastic, w'cighing 110 Gm and 
measuring 11 b\ 8 by 4 cm The thymus weighed 12 Gm Slight hyperplasia 
and deep purple-red discoloration of the peripheral, thoracic and abdominal Ivmph 
nodes wxre noted The largest hmph node was 10 mm in diameter 


Histologic Postmoitcm Exaiiunatwii — The bone marrow' (femur, sternum) 
was extremely congested with blood There were only a few fat cells and the 
majority of the sinusoids and capillaries w'ere collapsed, the blood cells being 
located outside the preformed blood spaces Enclosed in the dense accumula- 
tions of erythrocytes were small islands of nucleated elements, and an occa- 
sional dilated sinusoid w'as filled with those cells The nucleated elements 
occupied approximately 17 per cent of the marrow space A differential count 
show'cd undifferentiated lymphoid cells with a finely reticulated chromatin 
structure of the nucleus and a distinct rini of homoceneous basophilic cytoplasm 
(stem cells or hemocy'toblasts), 114 per cent, myeloblasts, 08 per cent, neutro- 
philic myelocytes (the majority with poorly defined and disintegrating granula- 
tion), 8 per cent, neutrophilic leukocytes, 3 per cent, oxyphilic myelocytes, 8 per 
cent, oxyphilic leukocytes, 3 2 per cent, ery tlirogonia, 2 8 per cent, erythroblasts, 
16 per cent, normoblasts (many very large ones with polychromatic or ortho- 
chromatic cytoplasm), 46 2 per cent, megakaryoblasts, 0 4 per cent, megakaryo- 
cytes (poorly preserved, with pykiiotic nuclei and homogeneous cytoplasm), 1 
per cent, lymphocytes, 1 per cent, plasma cells, 0 2 per cent, monocytoid cells, 
2 per cent, free histiocytes with engulfed red blood corpuscles, 3 per cent 


The liver, lymph nodes and especially the spleen revealed marked myeloid 
metaplasia In the spleen, which was greatly congested, erythropoiesis predomi- 
nated The liver showed erythropoiesis and granulopoiesis in and about the 
portal sinusoids and ni the periportal septums The lymph nodes contained neu- 
trophilic and oxyphilic myelocytes and megakaryocytes In addition to the mye- 
loid cells which showed the tendency to mature and did not differ from the cells 
seen in cases of reactive extramedullary mvelopoiesis, there wxre groups and 
nests of undifferentiated cells which were identical with those described in the 
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bone marrow They gave a negative reaction for oxidase and could be readily 
differentiated from lymphocytic elements as well as from myeloblasts, which 
give a positive reaction for oxidase They were more numerous m the liver than 
in the spleen and were scantv in the medullar}^ cords of the lymph nodes The 
purple-red discoloration of the lymph nodes was due to the filling of the sinusoids 
with red blood corpuscles, many of which had been taken up by the swollen 
and proliferated reticular endothelium of the sinusoids There was also a mod- 
erate erythrophagocytosis by the Kupffer cells of the liver In the medulla of 
the l 3 'mph nodes the small lymphocytes showed a peculiar crenation and segmenta- 
tion of the nuclei, which was also found in the small round cells of the thymus 
The lymphatic tissue of the pharynx and intestinal tract was normal The kidnej^s, 
lungs and glands of internal secretion were normal In the brain the hemorrhages 
were located about small blood vessels Between the walls of the vessels and 
the hemorrhages there was often a zone of lymphoid round cells or a zone of 
necrosis with swollen microglia cells and occasional lymphoid cells 

The reaction for iron was as follows Kupffer cells, -1 — (-+i hepatic cells, -|-, 
splenic pulp, -j — |- , lymph nodes, -J — [-+ , bone marrow, and kidney, 0 

Case 2 — Histoiy and Com fe — A white woman, a housewife aged 38, for 
the past seven weeks had been suffering from frequent vomiting The vomitus 
consisted of bright red blood or of coffee-ground material The medicine pre- 
scribed b 3 ' a ph 3 'sician had no effect Occasionall 3 ^ there was also bleeding from 
the gums A few days before admission the patient started to cough and became 
severely constipated Epigastric distress developed, but there was no selective 
dyspepsia or any relation to food Since childhood the patient had bruised easib 
She had had three normal deliveries Pneumonia developed several years ago 
Pelvic laparotomy was performed seventeen years prior to admission 

On admission the temperature was 100 F, the pulse rate 112 and the respira- 
tory rate 28 The blood pressure was 130 S 3 'stohc and 90 diastolic The patient 
was pale, and the tongue and gums were covered with a film of looseb' coagulated 
blood There were retinal hemoirhages in the right e 3 'e The teeth were m 
poor condition The tonsils were moderately enlarged Over the apex of the 
heart a soft systolic murmur was heard The lower pole of the spleen could be 
felt below the costal arch Over the extremities there were scattered petechiae, 
and around wounds from needle punctures large ecch 3 'moses had developed 

The urine was normal The Wassermann and Kahn reactions were negative 
Roentgen examination of the gastro-mtestmal tract revealed no abnormalities 

During the patient’s stay m the hospital the temperature rose at times to 105 F 
The hematemesis persisted, and she became rapidb weaker She expired five 
da 3 S after admission to the hospital after an illness of about seven weeks Two 
blood cultures were sterile 

E\ammatwn of the Blood — The blood count sho^\ed, erythrocytes, 1,800,000, 
hemoglobin (Sahh), 22 per cent, leukocytes, 10,600, neutrophilic m 3 'elocytes, 
3 per cent, juvenile neutrophilic leukoc 3 'tes, 4 per cent, band forms, 10 per cent, 
segmented forms, 37 per cent lymphocytes, 30 per cent, monoc 3 'tes, IS per cent, 
and basophils 1 per cent The neutrophilic granuloc 3 'tes were distinct^' smaller 
than normal Some of them were greatb' shrunken The granulation was 
abnormal Man 3 ’' cells had a deepb stained granulation, while m some of the 
cells the granules were transformed into rose-red droplets The monoc 3 'tes had 
a heavy azure granulation Marked anisocytosis and poikilocytosis and single 
hyperchromatic and polychromatic macroc 3 tes were noted There were 5 normo- 
blasts per hundred leukoc 3 'tes There were 40,000 platelets 
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Coss Postim>icm Eiaminaiion -Petechial hemorrhages in the skm, cpi- 
cardiuni, endocardium, gastric mucosa, urinary bladder 

moderate hyperplasia of the spleen (weight, 410 Gm , size 19 by 10 by S5 cm ) 
were noted The liver weighed 1,660 Gm , the heart, 310 Gm Hemosiderosis 
of the spleen, liver, bone marrow and lymph nodes, slight hvperplasia of tic 
peripheral, thoracic and abdominal lymph nodes (greatest diameter, 15 mm ) and 
confluent bronchopneumonia in the lower lobe of the left lung were noted 


Histologic Poslmo) ton Examiiaiion — ^Ihc Ixine marrow (femur) was rich 
ni red blood corpuscles winch were found chiefly outside the capillaries and 
sinusoids The capillaries and sinusoids were collapsed, and fat cells were numer- 
ous The reticular cells were pronnnent and contained many red blood cells 
Immature blood cells occupied about 19 6 per cent of the marrow’ A differential 
count showed 17 per cent undifferentiated lymphoid cells, from three to five times 
the size of small lymphocites with a distinct rim of homogeneous basophilic 
c}'toplasm that gave a negative reaction for o\idasc and contained round nuclei 
w’lth finely reticulated chromatin of varj'ing density The count also show’cd 
myeloblasts, 0 3 per cent, neutrophilic myelocjtes, 198 per cent, neutrophilic 
leukocytes, 6 6 per cent, eosinophilic myelocytes, 0 5 per cent, eosinophilic leuko- 
cytes, 02 per cent, erythrogonia, 9 3 per cent, crythroblasts, 81 per cent, 
normoblasts (some of them verv large with bizarre-shaped, pjknotic nuclei), 
34 9 per cent, Ijmphocytes, 08 per cent, plasma cells, 02 per cent, monocytoid 
cells, 16 per cent, niegakari'oblasts, 01 per cent and megakarj oc\ tes, 0 5 per 


cent 


The spleen show'ed extensive injeloid metaplasia of tlic pulp, with numerous 
myeloblasts, neurophihc and oxyphilic m 3 elocytes, many crythroblasts and normo- 
blasts and single megakaryocytes The malpighian bodies w’cre mucli reduced in 
size In the liver a moderate number of myeloblasts, myelocytes and erythro- 
blasts were observed m the lumen of the sinusoids and in the periportal tissue 
There were also a few megakaryocytes The Kupffer cells w'cre actively phago- 
cytic All the lymph nodes revealed advanced myeloid metaplasia, and nests of 
mi’eloid cells w'ere also present in the fat tissue about the lymph nodes The 
medulla and the cords between the cortical nodules w’erc composed of myelo- 
blasts, myelocytes, crythroblasts, normoblasts and single megakaryocytes There 
was a great deal of erythrophagocytosis by the proliferated reticular endothelium 
of the sinusoids The tracheobronchial and, in particular, the abdominal, lymph 
nodes contained also nests of undifferentiated lymphoid cells, which often formed 
a syncytium These nests sometimes revealed intimate relations to the cytoplas- 
matic reticulum of the node The thyroid gland, adrenal glands, pancreas, kid- 
neys heart and gastro-intestinal tract showed no significant changes 

The reaction for iron was as follows Kupffer cells, -f- hepatic cells, 0, 
splenic pulp, -1-f-}-, malpighian bodies, ±, lymph nodes, d— fi-f, bone marrow', 
and kidnej, -}- 


Case 3—Htstoiy and Com sc —For the past seven months a Negro boy aged 
11 years had been suffering from remittant pains in the hips, occasionally also 
of the knees and shoulders The pains lasted for about two weeks and confined 
him to bed On the day of his admittance to the hospital severe epistaxis had 
occurred The boy had whooping cough and measles in infancy There was 
unexplained fever for tw’o weeks two years previously, and acute tonsillopharyn- 
gitis developed two months prior to admission ^ ^ 

The child was very pale and weak The nose was filled with crusted blood 
and l.« .ver,.h,„g he «e The ,ed,pe,„„,e eves 98, the ;„Tse «e 128 
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and the respiratory rate 24 The spleen was not palpable, and the peripheral 
lymph nodes were not enlarged 

The Wassermann and Kahn reactions were negative Two blood cultures 
gave negative results The urine showed a trace of albumin The stools were 
normal Chemical analysis of the blood showed urea nitrogen, 28 45 mg , 

creatinine, 196 mg, and sugar, 106 mg, per hundred cubic centimeters Roentgen 
examination showed osteoporotic changes in both tibias and slight sclerosis of 
the ilium but no changes in the skull 

Three days after admission a blood transfusion was given Five days later 
the temperature rose to 103 F The next daj’^ a second transfusion was given 
Lymph nodes ranging in size from that of a pea to that of a filbert could then 
be palpated in both axillae and both groins 

A Ivmph node was removed from the right groin for biopsy, and the exami- 
nation showed h 3 'perplasia, the tissue betw'een the secondary nodules of the 

cortex and the cords of the medulla being infiltrated by undifferentiated hmphoid 
cells, larger than lymphocytes, wuth finelv reticulated nuclei and scant}" C}to- 
plasm, and by single megakaryocytes The picture W'as suggestive of an early 
stage of hemoc} toblastic leukemia 

A few days later a serpiginous ulcer developed at the right side of the mouth 
and graduall} spread to tlie right cheek Bv the seventeenth day the spleen w'as 

distinctly palpable at the costal arch, having increased rapidly m size The 

temperature varied betw'een 101 and 102 F Roentgen treatment w'as given to 
the upper mediastinum The child died four w'eeks after admission to the hospital 
and eighteen days after the last blood transfusion 

Eiaimnattoii of the Blood — Blood counts w'ere made every third da^ On 
the da^ of admission the er}throcytes numbered 1,330,000, tbe hemoglobin content 
(Sahli) W'as 35 per cent and the leukoc}te count w'as 14,550 During the follow'- 
ing weeks the number of erythroevtes gradually fell to 600,000, the hemoglobin 
content to 15 per cent and the leukoc}te count to 1,800 There w'ere from 30 to 
44 per cent undifferentiated cells (hemocytoblasts) These cells w'ere two or 
three times the size of small l}mphocytes The nucleus w'as round, w'lth a deep, 
narrow' indentation, w'liich became marked tow'ard the end of the illness The 
nucleus contained a dense, fine net of small chromatin granules w'hich obscured 
the nucleoli The cytoplasm w'as narrow', it stained bright blue w'lth Wright’s 
stain and show'ed a negative reaction for oxidase At times 4 per cent of the 
cells show'ed mitotic division of the nucleus w'lth about twenty-four chromosomes 
There w'ere from 5 to 44 per cent neutrophilic leukoevtes, the rest being small 
lymphocytes There were marked anisocytosis and poikilocytosis, very few' poh- 
chromatophils, an average of 0 2 per cent of reticulocytes and 170,000 platelets 
The bleeding time was six minutes, the coagulation time, four minutes 

Gloss Postmoi tail Eraimnatwn — Examination show'ed gangrenous stomatitis, 
osteoporosis, and petechial hemorrhages in the conjunctiva of the right eye, epicar- 
dmm, gastric mucosa, Pe^er’s patches, kidneys and renal peKis There w'as slight 
hyperplasia cf the spleen (120 Gm ) The liver weighed 920 Gm Fatty degen- 
eration of the myocardium and moderate enlargement of the peripheral, thoracic 
and abdominal lymph nodes (greatest diameter, 20 mm ) were noted 

Histologic Postmoi tern Examination — The cortex of the long bones w'as 
unusually thin, and the haversian canals were very wide The trabeculae of the 
spongiosa w'ere far apart and slender In the skull the diploe w'as compact, and 
the marrow' spaces were narrow' The bone marrow w'as extremely hemorrhagic 
(fig 1), looking like a lake of blood crossed b} an occasional compressed capillar} 
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Here and there a small nest of undifferentiated lymphoid cells and single normo- 
blasts, neutrophilic myelocytes and megakaryocytes were found The reticular 
cells were swollen and contained many engulfed erythrocytes Similarly, the pulp 
af the spleen was greatly congested with blood About the sheathed arteries, the 
trabeculae and the malpighian bodies there were accumulations of undifferentiated 
lymphoid cells which gave a negative reaction for oxidase and were often so 
densely grouped together that they seemed to form a syncytium Bordering at 
the pulp, myeloblasts, hematogoma, erythroblasts, normoblasts, neutrophilic and 
oxyphilic myelocytes and plasma cells were found between the lymphoid cells 
The undiffereirtiated cells were distinctly different from the small lymphocytes of 
the malpighian bodies Many of the reticular cells of the pulp were filled with 




. l:' » is 




' * 


r 




,:f 




WV- 


p c-NT-v.-'-v 

! r * . ^ z t-W 9 




Fig 1 (case 3) — Hemorrhagic bone marrow (X 600) 


erythrocytes and nuclear debris The portal sinusoids of the liver contained a 
moderate number of undifferentiated lymphoid cells, myeloblasts, normoblasts, 
neutrophilic myelocytes and a few mature neutrophilic leukocytes The periportal 
tissue was densely infiltrated by the cells described as present in the lumens of 

the sinusoids The Kupffer cells were prominent and contained erythrocytes and 
nucleated cells 

In the lymph nodes the enormous erythrophagocytosis by the proliferated endo- 
thelial cells of the sinuses was striking (fig 2) The cortex and medulla were 
rich 111 undifferentiated lymphoid cells, and there were also many myeloblasts and 
normoblasts and a few neutrophilic and oxyphilic myelocytes and large plasma 
cel s The para-aortic nodes contained many megakaryocytes In the mediastinal 
and „«e„.er,c nodes „,e cor„cal secondary noddies were well pL'vId and 
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showed histiocytic centers About the larger vessels of the kidney, especially at 
the border of the cortex and the medulla, there were dense accumulations of 
undifferentiated cells which extended between the adjacent tubules They were 
mixed with plasma cells, normoblasts and neutrophilic myelocytes 

The reaction for iron was as follows Kupffer cells, 4- > hepatic cells, ± , 
spleen, 4 — 1 — f- . lymph nodes, 4 — I — h , bone marrow, 4-, kidney, 0 

Case 4 — Hi<;toiy and Course — The patient was a white man, aged 30, who had 
been employed as a color mixer in a soap factory He stated that he was well 
until eleven weeks prior to admission, when a sharp, shooting pain developed at 
the tip of the spine and radiated toward the shoulders At times there was pain 
in all the joints He had lost a good deal of weight and felt exceedingly weak 
One month prior to admission he began to cough up blood and to bleed from the 
gums 



Fig 2 (case 3) — Er} throphagccytosis by the sinus endothelium of an iliac 
Ivmph node (X 600) 

On admission the patient was verv pale The posterior cervical and the axil- 
lary lymph nodes were slightly enlarged, discrete and firm The heart and lungs 
were normal The lower border of the liver was 2 fingerbreadths below the costal 
arch, and the lower pole of the spleen could be easily palpated The spleen felt 
firm There was a moderate enlargement of the epitrochlear and inguinal lymph 
nodes 

The icterus index was 3 5 The urine was normal The temperature was 
98 4 F 

A biopsy specimen from an inguinal Ij'mph node revealed marked mj'eloid meta- 
plasia with predominance of verj' immature hemocytoblastic cells 

During his stav in the hospital the patient became more anemic, and purpuric 
spots appeared o\er the extremities A systolic murmur became audible over the 
apex of the heart Two weeks prior to death he complained of failing vision, and 
an ophthalmoscopic examination disclosed retinal hemorrhages He bled from the 
mouth and nose and died three w'eeks after admission to the hospital 
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Examination of the Blood—On the da> of admission the blood showed hemo- 
globin (Sahh), 30 per cent, erythrocytes, 1,920,000, and leukocytes, 4,750 The 
undifferentiated cells, which predominated, %aried greatly m sire, the smallest forms 
being slightly larger than small lymphocytes, while the largest cells reached a 
diameter of 30 microns They were round or short oval, occasionally with semi- 
sphencal, pseudopodia-hke protrusions The cytoplasm was scanty and basophilic 
and often contained several small vacuoles The reaction for oxidase was negative 
The nucleus occupied from two thirds to four fifths of tlie cell body and was round 
or oval with small indentations The chromatin structure was densely reticular, and 
no nucleoli were seen A differential count showed undifferentiated cells, 84 per cent , 
small lymphocytes, 8 per cent , neutrophilic leukocytes, 4 per cent , monoevtes, 4 per 
cent, and blood platelets, 14,000 During the course of the illness the hemoglobin 
value decreased to 20 per cent, and the number of erythrocytes, to 1,140,000 The 
number of leukocytes fluctuated between 4,000 and 22,000 and shortly before death 
reached 5,100 The undifferentiated cells increased to 90 per cent 

Gloss Postmoilcm Examination —Petechial hemorrhages were present m the 
mucosa of the lips, stomach and small uilestine, the epicardium, endocardium and 
mjocardium and the mucosa of the urinary bladder The organs were severely 
anemic There was marked hyperplasia of the spleen (weight, 1,015 Gm , size, 23 
by 13 by 8 cm ) The liver weighed 2,550 Gm There were moderate generalized 
lymphadenopathy, the largest nodes having a diameter of 30 mm , fatty changes 
of the myocardium , centrolobular focal necrosis of the liver , hemosiderosis of 
the liver and spleen and an old anemic infarct in the lower lobe of the right lung 


Histologic PostiHoi tcni Examination — The bone marrow (femur and rib) was 
composed of fat tissue with many focal, extravascular accumulations of blood 
There were small islands of cells, occupying about 20 per cent of the narrow, 
which were formed by round cells the scanty cytoplasm of which was free from 
oxidase granules and often revealed small vacuoles The nuclei contained a dense, 
fine net of small chromatin granules In some of the cells the nuclei were indented, 
and the indentation was associated with a more compact chromatin structure 
Occas onally, a nucleus was divided into two or three lobules There were a few 
orthochromatic normoblasts, but no granulated cells were observed In the pulp 
of the spleen, m the periportal tissue of the liver, extending into the adjacent por- 
tions of the lobules, m the peripheral, thoracic and abdominal lymph nodes and in 
the stroma of the kidneys, there were dense accumulations of cells similar to those 
noted in the bone marrow and typical of the condition The nuclei showed the 


same indentations and segmentations, and the cells could be well separated from 
the lymphocytes The reaction for oxidase was negative In the Ivmph nodes many 
mitotic figures were seen The portal sinusoids of the liver contained main typical 
cells Laj ers of typical cells were found underneath the endothelium of the splenic, 
portal and pulmonary veins (fig 3) Small groups of typical cells were also 
present m the interstitial tissue of the myocardium and about the lymphatic tissue 
of the intestinal tract The arteries and veins leading to the infarct of the lung 
vyere occluded by organized thrombi, and in the granulation tissue filling the lumen 
there were groups of the undifferentiated round cells In addition to the typical 
cells a moderate number of normoblasts and neutrophilic and oxyphilic myelocytes 
were observed in the splenic pulp, the liver and the lymph nodes The inner zone of 
le adrenal cortex contained groups of normoblasts striking feature was the 
arge number of plasma cells in all the hematopoietic organs These cells reached 
a large size, and many of them had two nuclei cached 
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The reaction for iron was as follows Kupffer cells, 4 — | — (- , hepatic cells, 
+++, spleen, +++, lymph nodes, +, kidney, ±, and bone marrow, 0 

Case S — Histoiy and Coni sc — At the age of 5 years the patient, a white girl, 
had slight swelling and redness of the nose, this disappeared rapidly but recurred 
a year later It again disappeared without treatment after a short time Several 
months later it recurred again and then continued to grow slowly until it reached 
the size of a small egg It closed the right eye and pushed the nose toward the 
left and the right side of the mouth downward The swelling was firm, with a 
smooth, shiny, purple-brown surface The surrounding skin was unchanged 
Except for that lesion the child seemed to be in perfect health A specimen was 
taken for biopsy Ten radium treatments were given in the course of eight months 



Fig 3 (case 4) — Subendothehal proliferation of undifferentiated hematic cells 
(hemocytoblasts) in a small pulmonarj^ vein (X 300) 


The swelling disappeared gradually, and two months later there was onlj^ a small 
scar from the wound made in removal of the tissue for biopsy Ten months later 
the child, then 8 years of age, had bloody diarrhea The condition improved 
slightl}^ but the child felt extremelj’^ weak and feverish and complained of pains 
in the ears and of a cough One week later she was admitted to the hospital 
On admission the child was pale The temperature was 104 4 F , the pulse rate 
154 and the respiratoiy rate 28 The drum of the left ear was deeplv injected and 
thickened The tonsils were enlarged and cryptic, and on the left side of the neck 
small, discrete lymph nodes could be felt Fine, subcrepitant rales and broncho- 
vesicular breathing were audible over the left lung posteriorly, and a loud, blowing 
systolic murmur was heard over the apex of the heart The liver extended 2 
fingerbreadths below the costal arch, and there was tenderness on deep palpation 
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m the region of the spfeen and the left kidney The right axillary and both 
inguinal lymph nodes were enlarged and tender 

The urine was normal 

A blood transfusion was given, but the child died four days after admission 

Biopsy— The epidermis was thin, and the rete pegs were flattened (fig 4) 
The reticular layer of the cutis and the subcutis were densely infiltrated by round 
cells, and these infiltrations were sharply separated from the epidermis by a layer 
of intact dermis The infiltrations surrounded the hair follicles and sweat glands 
without invading or disfiguring them They were composed of medium-sized 
round cells of even size and structure with a scanty cytoplasm and round or oval 
nuclei The nuclei were rich in chromatin, which formed small granules and was 
evenlv distributed Some of the nuclei were pyknotic and crenated There were 
single cells which were much larger than the average cells and possessed a lobu- 
lated nucleus There were numerous mitotic figures The cells were embedded in 
a delicate reticulum In places where the infiltrations were less compact, strands of 
hyahnized collagenous fibers w'ere seen between tbem At the periphery of the 
infiltrations small groups of plasma cells were seen The diagnosis w'as leukemia 
cutis 

Examination of the Blood — A blood count showed hemoglobin, (Sahli) 17 
per cent, erythrocytes, 650 000, leukocytes, 1,600, lymphocytes, 99 per cent, neu- 
trophils, 1 per cent, and platelets, 350,000 

Gloss Postmoitciii Examutafton — The patient was severely anemic There 
were petechial hemorrhages in the epicardium and endocardium , extensive hemor- 
rhages in the mucosa of the colon hemosiderosis of the liver, spleen, lymph nodes 
and bone marrow, severe fatty degeneration of the myocardium, fatty changes and 
centrolobular focal necrosis of the liver , tarry intestinal content , broncho- 
pneumonia in the lower lohe of each lung, and a small scar on the right cheek 
Cultures of the spleen and of blood from the heart w'ere sterile 


Histologic Postinoi tcin Examination — ^The bone marrow of the femur and of 
the vertebral bodies was composed of a fine, loose reticulum the meshes of which 
contained red blood cells and single immature red cells and granulocytes The 
erythrocytes varied considerably in size and m hemoglobin content, and many of 
them were pale The nucleated erythrocytes showed similar e ariations There was 
a bizarre and abnormal segmentation of the nuclei of the normoblasts, and the few 
erythroblasts also revealed segmentation of the nuclei The granulation of the 
myelocytes was poorly preserved, and the granules were often transformed into 
droplets Many large, free histiocvtes were present, and their cytoplasm was filled 
with iron granules or stained diffusely blue m the sections tested for iron The 
myeloid elements occupied about 6 per cent of the marrow A differential count 
showed neutrophilic mvelocvtes, 12 per cent, eosinophilic leukocytes, 1 6 per cent, 
erythroblasts, 4 8 per cent, normoblasts, 73 6 per cent, lymphocytes, 2 per cent’ 
plasma cells, 2 4 per cent, and megakaryocytes, very scanty The nuclei were 
pj'knotic and the cytoplasm, homogeneous 

The splenic pulp was much congested with blood and rich in myeloid elements 
among which normoblasts and neutrophilic and oxjphihc myelocytes predominated’ 
Mule the granulation of the oxyphilic myelocytes stained w^ell that of the 
neutrophilic myelocytes was often indistinct There were many plasma cells and 
sing e erythroblasts myeloblasts and megakaryocytes The portal sinusoids of 
the hyer were filled with normoblasts, neutrophilic and oxyphilic myelocytes and 
wnf Sf: 1 ^ -y;loblasts formed small nests which were^ntlmatCconnect2 
cytoplasmatic reticulum formed by the Kupffer cells The periportal 
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tissue was infiltrated by lymphocytes and contained also accumulations of myeloid 
cells In the lymph nodes the sinuses were greatly widened and A\ere filled bN 
proliferated reticular endothelial cells which displaced active erjdhrophagocytosis 
The sinuses as well as the cords of the medulla contained also neutrophilic and 
oxyphilic myelocytes, normoblasts and megakaryocytes In the medullary cords 
of the para-aortic lymph nodes small nests of undifferentiated round cells were 
present which could be plainly distinguished from the lymphocytic cells and 
usually formed syncytial aggregates In the my'ocardium the interstitial tissue 
was more cellular than normal owing to an increase in the myelocytes In the fat 
tissue about the adrenal glands nests of mononuclear cells with ample cytoplasm 
were observed 

The reaction for iron was as follows Kupffer cells, H — j — (- , hepatic cells, ± , 
spleen, +++ , bone marrow, ++, lymph nodes, ++, and kidney, 0 

comment 

In the five cases descubed theie weie many significant similarities 
In each case the illness was of lelativel} short duration, and there was 
extiemely severe anemia with a hemorrhagic diathesis The autopsy 
observations m four cases were not suggestive of leukemia, although 
m three of these cases the blood picture was definitely leukemic The 
essential macioscopic observations weie those of severe anemia and of 
an excessive destruction of blood, as indicated by the rusty discoloration 
of the hvei, spleen and lymph nodes Micioscopically, the extensive 
destiuction of the eiythrocytes was one of the most sti iking features 
In foul cases the ieticulohistioc3’’tic cells of the blood-forming organs 
weie packed with erythrocytes, and in all five cases there was marked 
hemosideiosis of the oigans of the leticulohistiocytic system Since 
erythrophagocytosis and hemosideiosis weie piesent also in the cases 
in which blood transfusions had not been given the excessive destiuc- 
tion of blood could not be i elated to the tiansfusions Phagoc}tosis 
and disintegiation of the red blood cells were also obseu'^ed m hmph 
nodes that diamed fiom aieas which weie not the site of hemonhages 
The excessive destiuction of blood uas associated with an inci eased 
leactive myelopoiesis yvhich occurred chiefly outside the bone mariou 
This exti amedullary myelopoiesis was oideily and showed a distinct 
tendency to pioduce matuie blood cells, not being different fiom the 
exti amedullary foimation of blood cells often obsen'-ed in cases of 
seveie anemia The condition of the bone maiiow was of gieat inteiest 
since It was diffeient fiom the condition wdnch is usually obseived m 
cases of acute leukemia The bone maiiow’’ w'as engorged wnth 
eiythroc3Tes and revealed very little evidence of activity In none of 
the five cases did the myelopoietic tissue occup3^ more than 20 per cent 
of the mairow spaces 

Recentl3" puncture of the bone marioyv has come into y^ogue, and 
great significance has been attiibuted to the examination of mateiial 
obtained from the sternal marrow^ eithei b3'' surgical removal oi Iw 
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aspiration If, foi instance, in case 1, in which theie nas a chstinetl} 
leukemic blood pictine, the sternal maiiow had l)een examined m vivo, 
the lesult would have been disappointing In case 2. in which the 
diagnosis was clinicalh obseuie sternal punctuie piobabl) would have 
been of little help m detei mining the collect diagnosis 

In addition to the typical leactive nnelopoiesis in all five cases a 
prohfeiation of veiy immature blood cells was noted which vaiied in 
extent, being insignificant m case 5 and most marked in case 4 That 
type of prohfeiation of immatuie blood cells and then difteientiation 
from the mesenchjme throughout the bodj occuis only in cases of 
leukemia Thei e is still much controvei s) as to the type of cell obsei \ ed 
in certain cases of acute leukemia The majoiit) of investigators agiee 
that in addition to myeloblastic myelocytic, lymphoblastic, 1} mphoc> tic, 
monocytic and plasmacellular leukemia theie aie forms of leukemia 
which defy classification because the cells are so immature that 
they cannot be identified with any of the knoiin piecuisois of white oi 
red blood cells There is growing eiidence in faior of consideiing 
these very iininatuie cells as the common paiental cells of all blood cells 
In the German literature the term stem cell leukemia (Hoft has been 
widely adopted, while Italian authors, under the influence of Ferrata, 
speak of hemocytoblastic leukemia (Mar7iani,^'’ Debiasi -® Calleiio,-’- 
Samek,-- Simonetti and many others) In this country both terms — 
hemocytoblastic leukemia and stem cell leukemia — are being used 
Concerning the morphology of the hemocytoblast the reader is referred 
to the description given in the case reports The hemocytoblast is a 
cell which gives a negative reaction for oxidase and which is distinctly 
different from the lymphoblast, monoblast, myeloblast, megakaiyoblast 
and erythrogoniuin (proerythroblast, megaloblast) Shorvers of hemo- 
cytoblasts may enter the blood in any type of case of acute leukemia, and 
e\en in cases of subacute or chronic leukemia there may be a transient 
hemocytoblastic stage In the earlier hteratuie, published befoie the 
hemocytoblast had been recognized the appear ance of hemocytoblasts in 
a case of myelogenous leukemia was interpreted as a shift from the 
nij^eloid to the lymphatic side (mixed cell leukemia) Hemocytoblastic 
leukemia may take a leukemic, subleukemic oi aleukemic course and in 
my experience has been the most common form of pine acute leukemia, 
the lymphatic and myelogenous form frequently being the teiminal stage 
of chronic leukemia 


18 Hoff, F Virchows Archiv f path Anat 261.142, 1926 

19 Marziam, R Arch ital di anat e istol pat 1 1015, 1930 

20 Debiasi, E Haematologica 12 719, 1931 

21 Calleno, G Haematologica 13 49 1932 

22 Samek, E Haematologica 14 37, 1933 

23 Simonetti, R Riv di clin pediat 30 161, 1932 
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In three of my cases the hemocytoblast was found in the blood The 
leukocyte count varied between 1,800 and 33,800 In other cases of 
heinocytoblastic leukemia which are not included in this report I have 
encountered leukocyte counts up to 700,000 In two cases there "were 
also young granulocytes and precursors of erythrocytes m the blood 
smears, and in one case the granulocytes showed severe toxic alterations 
In four cases the number of platelets was model ately to markedly dimin- 
ished, while m one case it was within normal limits 

Case 5 is of particular interest Thiee years prior to death a recur- 
lent cutaneous lesion of the face develoi^ed which disappeared spon- 
taneously twice within two years With the thud lecurrence the lesion 
continued to develop and receded promptly under radium treatment 
The child was m good health tor ten months after the tieatment had 
been completed The clinical and histologic picture of the third lecur- 
lence was chaiactenstic of the tumor-hke foim of specific leukemia 
cutis I refei to the location at the root of the nose, to the sharp 
demarcation of the tumor-hke lesion from the sui rounding noimal skin, 
to the airangement of the mfiltiating cells about the hair follicles and 
the sweat glands and to the distinct demai cation of the infiltrations from 
the subpapillaiy layei of the cutis which was unchanged while the 
cells extended deep into the subcutaneous tissue (fig 4, Aindt Cans,-® 
Patiassi and otheis) It is chiefly in the lymphatic form of leukemia 
cutis that the face is involved, especially the legion about the nose 
(Cans,-® Kreibich,"' Hirschfeld Aizt'®). and Pmkns therefore 
spoke of the “aciolesions” m cases of hmphatic leukemia of the skin 
From the classic foim of ^miphadenosis cutis the picture in my case 
differed slightly The mfiltiations were more pleomorphic, and the cells 
were larger than those that usually aie found in lymphatic-leukemic 
infiltrations of the skin Unfortunatel}^ I have no information in that 
case as to the blood picture during the stage of isolated leukemia cutis 
Theie was, however, nothing in the clinical picture to suggest a blood 
dyscrasia 

Cases of isolated leukemia of the skin have been lepeatedl}'^ desciibed 
(Zumbusch,®° Pinktis,-® Roessle®^), and even at autopsy the leukemic 

24 Arndt, cited by Arzt -® 

25 Cans, O Histologie der Hautkrankheiten, Berlin, Julius Springer, 1925, 
vol 1, p 575 

26 Patrassi, G Folia haemat 50 415, 1933 

27 Kreibich, K Arch f Dermat u Syph 47 185, 1899 

28 Arzt, L Wien klin Wchnschr 46 1125, 1933 

29 Pinkus, F Arch f Dermat u Syph 50 37, 1899 

30 Zumbusch, cited by Roessle 

31 Roessle, R Virchows Arch f path Anat 275 310, 1930 
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process may be found to be almost exclusively lestiictecl to the skm 
(Roessle"^) In this connection the case desciibed by Diagisic"*- may 
be cited The patient, a gnl aged 11 yeais, suftered from an aleukemic, 
leukopenic lymphadenosis, which aftei five months terminated in acute 
leukemia Following loentgen tieatmcnt of the enlaigect lymph nodes 
leukemic inflltiations of the skm developed Later the infiltrations of 
the skin disappeared, while the lymph nodes enlarged again 

Duiing the short final illness m my case there weie very severe 
anemia and leukopenia with extreme neutropenia The normal platelet 




* 1 " - ^ ' 
















Fig 4 (case 5) — Section of biopsy material from the skm, showing the 
arrangement of the infiltrations about the hair follicles and the sharp demarcation 
of the infiltrations from the subpapillary layer of the cutis, the stretching of the 
epidermis and the extension of the infiltrations into the subcutis (X 150) 


count spoke against a diagnosis of aplastic anemia oi hemorihagic 
aleukia Anatomically the leukemic changes weie veiy insignificant and 
consisted of a focal piohfeiation of very unmatme hematic cells m the 
meclullaiy coids of the para-aortic lymph nodes By comparing the 
changes m the paia-aortic lymph nodes with those seen m cases of 
typical hemocytoblastic leukemia, one can readily lecognize that the 

32 Dragisic, B Wien khn Wchnsclir 45 1165, 1932 
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diffeiences weie meiely quantitative and not qualitative The chief 
aiguinent in favoi of the diagnosis of veiy eaily acute leukemia was the 
preceding tumoi-like leukemic infiltration of the skin of the face I 
am therefore of the opinion that the case was one of isolated leukemia 
cutis in which almost one } eai after the leukemic lesion of the skin had 
been treated successfully with radium death occuried in the initial anemic 
stage of acute leukemia Because of the long interval between the 
ladium treatment and the onset of anemia, causal relations between the 
two can be excluded 

COKCLUSIONS 

The early stages of a disease offer the best possibility to study the 
pathogenesis, since m the latei stages the changes may have advanced 
so far that they obscuie the underlying pathologic process Clinical 
and experimental observations have repeatedly suggested that leukemia 
may be related to or follow an abnormal destruction of blood Thus 
leukemia has been obseived in peisons exposed to benzene, arsenicals, 
ladium and other substances known to cause destiuction of the blood 
cells (Emile-VVeiH^ , Deloie and Bergomano , Falconei '*®, Vaughan, 
Teiplan and Sanes,'’® and otheis) Leukemia has been produced in mice 
by injections of benzene (Lignac'') or indole (Bungeler ®®), and 
paiticularly in Bungeler’s experiments, the relations between a seveie 
alteration of the blood cells and the leukemia is striking The five cases 
which I have selected from a large senes of cases of acute leukemia 
indicate that at least in some instances leukemia is pieceded by an 
excessive destiuction of blood cells and that the patient may succumb 
to the anemia when the leukemic changes aie still too insignificant to 
account for the lack of normal blood cells In one case there vere also 
evidences of a grave alteiation of the granulated white blood cells As 
a compensation foi the excessive destiuction of blood, a reactive 
myelopoiesis has lieen obseived Comparing the difterent foci of 
myelopoiesis, one obtains the impiession that iindei the continuous 
stimulation of the destiuction of the blood cells an increasing number of 
immature precuisois of blood cells are called into existence until the 
hemocytoblastic stage is reached Heie and theie, the hemocytoblasts 
may reveal attempts at maturation, but lapid multiplication seems to pie- 
vent their diffeientiation 

33 Weil, P E Presse med 33 1297, 1925, Bull et mem Soc med d hop 
de Pans 48 193, 1932 

34 Delore and Bergomano J de med de L 3 'on 9 227 1928 

35 Falconer, EH Am J IM Sc 186 353, 1933 

36 Vaughan, S L Terplan, K, and Sanes, S Arch Path 18 923 1934 

37 Lignac, G O E Kim Wchnschr 12 109, 1933 

38 Bungeler, W Klin Wchnschr 11 1982, 1932 Frankfurt Ztschr f Path 
44 202, 1932 



JAl FE— ANEMIA I A' ACL TE LEUKEMIA 


741 


It has been pieviously stated that seveial investigators have consid- 
eied pathogenic relations between the aleukocytic conditions and the 
leukemia I believe, howevei, that theie aie piincipal differences 
between the aleukocytic diseases and leukemia Granted that m some 
cases of agranulocytosis, aplastic anemia and hemoiihagic aleukia the 
prectirsois of the blood cells may fail to mature because of the lack of 
a hypothetic maturation factoi, the leveise of the foimation of the 
blood cells to the hemocytoblastic stage occurs only m leukemia It is 
also only m leukemia that throughout the body the mesenchyme acquiies 
the potency to produce blood cells In children pai ticulai ly, agianulocy- 
tosis and aplastic anemia may lead to extiamedullary myelopoiesis 
(Wilh®®), which, however, is entirely different fiom the leukemic 
changes 

As to the causative agent of the initial anemia, my cases do not yield 
any definite information Thiee of the cases w'ere m children and twm 
weie 111 adults One of the adults was employed as dye mixer m a soap 
factoiy, but I have not been able to obtain exact information as to the 
natuie of the dyes which he had used Except perhaps m case 3 , theie 
weie no relations to infections To the trauma in case 1 I do not 
attribute any great significance I believe that the child was aheady sick 
when the trauma was sustained and that the injury may perhaps have 
piecipitated some of the symptoms A tiaumatic etiology of leukemia 
is very doubtful, and what has been said about the relations between 
trauma and cancer (Ewing •*°) piobably holds tine also for leukemia 

j 

SUMMARY 

On the basis of a hematologic and histologic study of five cases of 
acute leukemia with very seveie anemia which levealed a stiikmg 
evidence of destruction of blood and a maiked disproportion between 
the seventy of the anemia and the extent of the leukemic changes, it 
is suggested that an initial abnormal desti uction of blood cells may be of 
significance m the pathogenesis of acute leukemia 

39 Willi, H Jahrb f Kmclerh 142 102, 1934 

40 Ewin?, J Arch Path 19 690, 1935 
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DEFICIENCY OSTEOPOROSIS 
JOSEPH LEBOWICH, MD 

SARATOGA SPRIXCS, A \ 

Theie is clinical evidence that deficiency osteoporosis is due to lack 
of vitamin D and hence may be an adult foim of iickets 

The first cases weie obseived in Vienna m the autumn of 1918^ and 
in the cities of South Geimany shoitly afteiward- The ages of the 
patients vaiied fiom 15 to 80, while the sex distiibution was the same 
as m the geneial population The S3'mptoms came on gradually and 
were of seveial months to one and a half years’ duiation The patients 
complained of eas}'- fatigability and pains m the ribs, sacium and legs 
The gait was waddling Many patients showed defoimity of the thoiax 
and ky^^hoscoliosis of the thoiacic spine Bowing of the extremities 
was also piesent, particulai ly'^ m oldei peisons Pelvic defoimities were 
lare and were observed only in females All of the bones weie sensi- 
tive to pressuie Abductoi spasms as well as positive Chvostek and 
Trousseau signs could be elicited in some cases Tetany w^as faiily 
common Edema of the low'ei extremities and anasaica were frequent 
Most patients, especially the oldei ones, w'eie markedly emaciated Then 
diets consisted of potatoes, turnips, caiiots, lean soups and wai bieads, 
proteins and animal fats weie practically'’ absent from then diets Spon- 
taneous fractuies and infractions were described by'^ Eislei “ and Hass ^ 
as chaiacteiistic 

Paitsch ° desciibed fifteen cases of deficiency osteopoiosis patholog- 
icalty, and Ins findings agree m geneial Avith those in this case Loosei “ 

1 Eclelmann, A Wien klin Wchnschr 32 82, 1919 Wien mecl Wchnschr 
69 800, 1919 Hahn, J Wien klin Wchnschr 32 713, 1919 Forges, O Wien 
med Wchnschr 69 801, 1919 Forges, O , and Wagner, R Wien klin Wchnschr 
32 385, 1919 Zak, E Wien med Wchnschr 69 803, 1919 

2 Ahvens, W Munchen med Wchnschr 66 1071, 1919 Fromme A 
Deutsche med Wchnschr 45 510, 1919 Geisler, A Ueber das Krankheitsbild 
der “Hunger-Osteomalazie” bei Erwachsenen, Breslau, M Bermann, 1919 
Hamel, O Deutsche med Wchnschr 46 68, 1920 

3 Eisler, F Wien med Wchnschi 71 482, 1919, Foitschr a d Geb d 
Rontgenstrahlen 30 67, 1923 

4 Hass, J Wien klin Wchnschr 32 677, 1919 

5 Partsch, F Deutsche med Wchnschr 45 1130, 1919 

6 Looser, E Deutsche Ztschr f Chir 152 210, 1920 , Verhandl d deutsch 
path Gesellsch 2 281, 1927 
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claimed that late rickets and so-called juvenile osteomalacia are identical 
anatomically In biopsies in his cases of lachitis taida he found atrophy 
of the old bone, osteoid boideis fiom 10 microns to moie than 200 
micions in width, a model ate number of osteoclasts and a fibious mai- 
low with a few small hemorrhages and lymphocytic foci This pictuie, 
he claimed, is typical foi iickets, and he regarded failure to calcify the 
osteoid as pathognomonic of iickets The lattei phenomenon uas con- 
spicuous in the case about to be desciibed 

Miles and Feng made chemical studies of the blood m ten cases 
of osteomalacia in women in noithein and western China Clinically, 
these cases weie similai to those of deficiency osteoporosis The usual 
diet consisted of a vegetable preserved m biine wheat flour products oi 
millet and piactically no animal protein oi fat The blood calcium and 
phosphoius langed from 5 2 to 7 4 mg and fiom 1 8 to 3 8 mg pei 
hundred cubic centimeteis of blood lespectively When cod liver oil 
was added to the usual diet the patients showed a marked clinical 
improvement and a net gam in the blood calcium, tiibasic calcium phos- 
phate made the patients worse 

Dalyell and Chick* and Hume and Nnenstem® suspected that lack 
of some accessory food factor in the diets of then Viennese patients 
IS the etiologic agent of deficiency osteopoiosis One bundled grams 
of cod liv er oil administered ovei a peiiod of one week cured the aveiage 
patient Phosphorus combined with oil was effective only if the oil 
was cod liver oil Various vegetable oils and fats like rape and olive 
oils vveie ineffectiv^e Patients ill more than a year gave a history of 
a summer remission and a vvintei i elapse It appeals, then, that the 
accessory food factoi lacking is vitamin D 

REPORT or A CASE 

A woman, aged 64, a domestic servant, had menstruated regularly from the 
twelfth to the fiftieth year , she had had nine pregnancies, eight deliveries and 
one abortion , she had always been undernourished and in poor economic circum- 
stances In July 1920 she gave a history of pain of two years’ duration m both 
knee joints and in the lower part of the right leg The right shoulder joint was 
slightly ankylosed She received phosphorus with no improvement 

In August 1922 there were pains m the right hip joint, but shortening of the 
femur was not demonstrable In October the right greater trochanter w^as 5 cm 
above Nelaton’s line with considerable shortening of the femur due to a lateral 
convex bowing m the region of the trochanters and the neck, the left greater 
trochanter was 1 cm above Nelatoii’s line Percussion and compression over the 
right trochanter were painful There was a kyphosis of the thoracic spine 

Sun baths diminished the pain, but she had to use a cane Symptoms became 
worse and a spontaneous fracture of the neck of the right femur occurred m 

7 Miles, L M, and Feng, C T J Exper Med 41 137, 1925 

8 Dalvell, E J , and Chick H Lancet 2 842, 1921 

9 Hume, E M, and Nirenstein, E Lancet 2 849, 1921 
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January 1923 Phosphorus, 0 005 Gm three times a day, was without effect In 
June 1924 the patient began to sliow evidences of cardiac decompensation and died 
the following August 

The diagnosis was osteoporosis, atrophic fracture of the neck of the right 
femur, heart failure and edema 

The autopsj showed severe anasarca The right lower extremitj" was shortened 
and rotated strongly inward, and there was a right-angled bend m the femoral 



Fig 1 — Midshaft of the right femur, showing an extreme degree of porosis 
(a) disappearance of the spongiosa except for fine trabeculae, witb resulting widen- 
ing of the marrow cavity, (b) atrophy of the cortex 

shaft Above the condjdes, 5 cm from the joint surface, there was a recent com- 
plete slightly impacted fracture with a large circular subperiosteal osteophyte 
The marrow cavity of the midshaft region was 3 4 cm wide and contained hyper- 
emic fatty marrow The cortex m this region was about 0 5 cm in maximum 
thickness and was made up of one or two separate paper-thin bony trabeculae 
The spongiosa was sparse here (fig 1) The kinked portion of the shaft, how- 
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ever, had a marrow cavity 1 cm wide, and the cortex on the convex side of the 
kink was 1 9 cm thick, this thickening having resulted from a callus with the 
structure of a soft, compressible, uncalcified spongiosa The spongiosa at either 
end of the femur was extremely porotic 

The right tibia showed a subperiosteal fracture 3 5 cm above the ankle joint 
with widespread hemorrhage into the marrow 

The cartilages of the right knee and ankle joints in places showed almost 
complete defects which extended practically to the underlying bone The right 
patellar cartilage had almost entirely disappeared 

The left femur was normal in shape The cortex varied from 01 to 0 3 cm 
in thickness, its structure was that of a spongiosa consisting of thin parallel 
longitudinal trabeculae The spongiosa of the condyles and head was very porotic 
The marrow cavity at the midshaft was 2 1 cm wide 

The left tibia w'as not altered in shape Its cortex was 0 2 cm thick and its 
marrow cavity markedly widened 

The pelvis was distorted, the symphysis pubis being pushed to the left The 
lumbar spine was moderatelj bowed with a right scoliosis The upper thoracic 
spine show'ed a strong arcuate kvphosis The lateral diameter of the thorax was 
much reduced 

The skull was mesocephahe , the maximum thickness was about 0 6 cm 
Neither the external nor the internal tables were recognizable The calvarium 
also had the structure of a soft porotic spongiosa 
The upper extremities showed no deformities 
All the bones could be easily cut with the knife 

Mtct oscoptc Observations — The right femur, the right patella and the vault of 
the skull were examined microscopically 

The periosteum was of variable but normal thickness and, in the deeper layers 
of the cambium, showed lymphocytes and erythrocytes, solitary or in groups, as 
well as intracellular and extracellular blood pigment 

The extraordinarily severe generalized diminution of osseous tissue of the 
skeleton was especially marked m the lower two thirds of the femur (fig 2) and 
in the patella Only exceptionally was it 2 and rarely 3 trabeculae thick The 
cortex of the neck and subtrochanteric region of the femur was of normal thick- 
ness or even thicker than normal, this difference apparently representing a com- 
pensator} change to meet the mechanical stresses on the femur in this region 
(fig ZA) But even so the cortex here had the structure of a wide-meshed 
spongiosa formed by a few thin irregularly distributed trabeculae, which were 
most numerous beneath the periosteum The marrow spaces between the tra- 
beculae were filled chiefly with fibrous marrow, apparently representing additional 
efforts on the part of the body to meet the mechanical stresses in this region 
The high grade osteoporosis manifested itself also m the enormous number 
of lacunar resorption spaces found everywhere The periosteal surface of the 
femur for long stretches was eaten away Cortical and spongiosa trabeculae in 
all regions were extremely thin because of this lacunar resorption (fig 3 5) 
Long and short interruptions (fig 2) in the cortex of the long bones were further 
evidence of this most severe bone atrophy In contrast to Paget’s disease and the 
degree of destruction here, osteoclasts were relativelj’- rare 

Osteoid played a most important part in the skeletal structure, but its distribu- 
tion was irregular (fig 3 5) There were places where the osseous tissue con- 
sisted entirely or almost entirely of osteoid, other places where it- was formed 
equally of osteoid and calcified bone, and still other places where, though the 
osteoid was comparatively diminished, nevertheless it was pathologically increased 
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The points of greatest mechanical stress were best calcified — i e , the outermost 
portions of the tubular bones — m agreement with the calcification law of Erdheim 
The lower two thirds of the femoral shaft (fig 2) and the cortex of the anterior 
portion of the patella showed the least osteoid and the most calcified bone Much 
osteoid was found m the trabeculae of the spongiosa-like cortex of the crooked 
portion of the femur, m lacunar resorption spaces m general and m haversian 
canals There was little osteoid in the spongiosa because the spongiosa had prac- 
tically disappeared 



Fig 2 — Subperiosteal iracture of tie femoral shaft X about 30 (fl) pen- 
osteal callus, (6) endosteal callus, (r) intermediate callus, (d) extremel}' thin 
but well calcified cortex with interruptions m the cortical continuity, (c) disap- 
pearance of the spongiosa, (/) artefact — a pulling out of the lower end of the 
fracture fragment on sectioning 


The thickness of the osteoid varied greatlj Normally osteoid does not exceed 
10 microns m thickness, according to Pommer Two thousand, seven hundred 

10 Pommer, G Zentralbl f Herz - u Gefasskr 16 342, 1924, Arch f klin 
Chir 136 1, 1925 




Fig 3 — A, transverse section of the subtrochanteric region of the right femur , 
X about 30 (a) external boundary sheath, (b) internal boundary sheath, (c) 

trabeculae spanning the space between the external and internal boundary sheaths 
and forming a thick wide-meshed porotic spongiosa at the site of the cortex , 
(rf) marrow cavity 

B, section from the subtrochanteric region, X 100 (a) osteoid, lamellated in 

structure, (b) calcified bone, (c) cement line, (rf) appositional resting line, (c) 
lacunar resorption of calcified bone, (/) micro-fracture, Y-shaped, with fibrinoid 
m the fracture space, (p) fibrous marrow between the trabeculae 
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and seventeen (2,717) measurements were made The a\erage values Aaned m 
different regions In the femur, osteoid was thickest in the crooked portion and 
thinnest in the lower two thirds of the shaft The average thickness was greater 
in the patella than in the femoral condjles and least in the calvarium The mini- 
mum measurements in all regions examined were within normal limits 

The osteoid structure was not uniform In some places it had a distinctlj 
lamellated structure with few osteoblasts In other places it was fibnllated, plexi- 
form and rich in osteoblasts And then, again, m man}' places it appeared to 
have a homogeneous structure The boundary between mature and immature bone 
was a lacunar cement line, an appositional resting line or a wavi granular 
zone of Pommer (fig 3fi) Osteoid w-as not ahvavs present as a border or 
margin on the surface of calcified bone Man}' times the deepei or central parts 
of the osseous tissue remained uncalcified, while near the free surface there was 
a discontinuous calcification, a phenomenon often present in rickets Partial calci- 
fication of osteoid was common This sometimes took the iorni of small isolated 
dark blue granules of calcium w'lthin the osteoid sometimes the process w'as 
homogeneous, the osteoid staining a pale blue indicating incomplete calcification 

Ilcasiii cinciif of the 1 hicKncss of the Osteoid Tissue 


'J liickiipss, Microns 



Mtu'JlirL 

f 

A 


Hefeion 

ments 

Vienigc 

Maximum 

Minimum 

Femoral head 

41 

24 

SO 

S 

Trocliantene region 

4'0 

40 

272 

4 

Boned portion of the niiper part of femoral shaft 

1,120 

■>s 

712 

4 

Straight portion of the loner part of femoral shaft 

40S 

24 

0(1 

4 

Femoral cond5le« 

2(.') 

27 

12S 

4 

Patella 

209 

>4 

372 

4 

Call arium 

142 

20 

71 

4 

Total measurements 

2,717 





The chondro-osseous junctions show'ed cliaracteristic lesions The old calcifi- 
cation zone and the old osseous junctional plate had been largel} destroyed Irom 
below, the destructiye process often extending into and beyond the transitional 
zone of the joint cartilage (fig 4) Later a nev' preparatory calcification zone 
might be formed on the new' internal surface of the cartilage, but this 
new calcification zone was markedly adyanced tow'ard the free joint surface In 
the most farorable instances the new preparatory calcification zone w'as corered 
by a new', though thin, poorly calcified, irregular, discontinuous osseous junctional 
plate Yet even the new preparatory calcification zone might be absent so that 
the new osseous junctional plate and the uncalcified cartilage were m direct con- 
tact The trabeculae of the underlying spongiosa inserted in the osseous junc- 
tional plate if one was present , in the absence of one, thev inserted m the preparatory 
calcification zone, and if the latter was also absent, the trabeculae rested directly 
on uncalcified cartilage At the edge of the joint the cortex joined the osseous 
junctional plate as is normal or the joint cartilage ended abruptl} m a calcification 
zone into w'hich the cortex inserted 

Destruction of the original joint cartilages examined (right femoral head, 
condyles and patella) was severe In the patella, for example, there w'ere only 
small rests of old cartilage Rossi and Rabson i- have shown that disuse, of 

11 Rossi, A L Virchow'S Arch f path Anat 284 256, 1932 

12 Rabson, S M Virchow's Arch f path Anat 291 624, 1933 
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which ankvlosis is the most complete form, causes marked destruction of the 
joint cartilage proper This patient was bed-ridden over a period of years The 
cartilage showed lacunar resorption, but it also show'ed incomplete destruction 
as described by Pommer, this change being preceded by the formation of Weichsel- 
baum’s spaces The normal basophilic staining of the cartilage had been largely 
replaced by a red-violet stain, further evidence of damage Pads of new cartilage 
(■fig 4) w'ere present m the indentations eaten out of the internal surface of the 
old joint cartilage or betw'een the old cartilage and the new osseous junctional 
plate 

Fractures and infractions hare been described, m regard to roentgen 
appearance, as characteristic of deficiency osteoporosis There was a typical 
subperiosteal fracture without displacement m the longer portion of the femur 



Fig 4 — Section of the femoral head (X about 30) showing the joint cartilage 
and subjacent spongiosa (a) disappearance of the old calcification zone and 
osseous junctional plate, (b) new’ calcification zone and new osseous junctional 
plate, (c) pads of new cartilage between the nqw osseous junctional plate and the 
old cartilage, (d) deep indentations eaten out of the cartilage from below', extend- 
ing up to and into the transitional zone, (e) hyperplasia of the old cartilage, (/) 
extreme porosity of the spongiosa of the femoral head, showing the short, thin, 
widely spaced and scanty trabeculae 

(fig 2) The periosteum and the bone marrow m the vicinity of the fracture 
were neither torn nor interrupted The callus was ring-shaped w’lth the upper 
and low’er fragments inserted into it It had three divisions— periosteal, endosteal 

13 Kienbock, R Fortschr a d Geb d Rontgenstrahlen 33 862, 1925 
J.Iilkman, LA Am J Roentgenol 24 29, 1930 Eislers 
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and intermediate Periosteally and endosteally it was bounded by a thin partially 
calcified shell of bone, within which there were a few thin, irregular trabeculae 
poorly calcified and in places cartilaginous, and fibroblasts, disseminated fat and 
marrow cells, leukocjdes, blood pigment and a moderate number of necrotic areas 
Microfractures were also present (fig 2>B) These showed more or less 
gaping fracture spaces, frequently Y-shaped, containing reddish fibrinoid, a sign 
that they were not artefacts Doubtless the crook-shaped bend of the subtro- 
chanteric region of the femur was the result of repeated microfractures ^\hIch had 
healed Small compact calluses consisting of a mass of primitive osteoid with 
isolated calcium deposits and mature hyaline cartilage were present in the bent 



Fig 5 — Section of the calvarium, X about 30 (o) pericranial portion showing 
the disappearance of the external table and its replacement by a thin sheath of 
bone, (&) dural portion showing the replacement of the internal table by a thin 
sheath of bone, (c) trabeculae forming a spongiosa replacing the normal diploic 
structure 

portion of the femur and in the patella and were to be interpreted as the healing 
stages of microfractures 

The tables of the calvarium with the intermediate diploic structure, as was to be 
expected, were gone (fig 5), and the calvarium consisted of a spongiosa bounded 
durally and pericranial ly by thin sheaths of bone At death, in spite of this 
remodeling, lacunar resorption was onlj' moderate The calcium content of the 
calvarium was much nearer normal than that of the femur, and osteoid was present 
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only m moderate amount (table) All m all, however, m comparison with the 
normal this calvarium was obviously atrophic 

Unfortunately the parathjroids were mislaid and hence were not available for 
microscopic study 

su:mmary 

A case of deficiency osteopoiosis is desciibed in a 64 yeai old 
white woman Clinically, deficiency osteopoiosis appeals to be due to 
lack of vitamin D The changes at the chondro-osseous junctions m 
deficiency osteopoiosis aie similar to those in rickets Osteoid is mark- 
edly iiici eased in amount and thickness as it is also in rickets The 
last tAvo changes are considered as pathognomonic of rickets Hence 
there is some histologic evidence that deficiency osteoporosis and rickets 
may be the same entity 



RETICULO-ENDOTHELIAL SARCOMA OF THE 

SPLEEN 

REPORT or A CASE 

KARL H LANGENSTRASS, MD 

ARD 

A'lETA NEUMANN, MS 

WASHINGTON, D C 

About 120 cases of primal y saicoma of the spleen have so fai been 
leported in the hteiatuie The case desciibed in this aiticle is the only 
one in 6,400 autopsies peifoimed at this hospital since 1884 There haie 
been 7 cases of metastatic caicinoma in this senes 

Smith and Rtisk,^ m 1923, made a surve}'- of piimaiy malignant 
tumors of the spleen, classif 3 ing the 104 cases ivhich had been repoited 
up to that time They found a lack of uniformity in the terminolog) 
As they bi ought out, theie aie thiee t\pes of tissue m the spleen fiom 
which neoplasms may aiise 

( 1 ) the capsular and trabecular framew'ork wdiich maj give origin to 
fibroma and fibrosarcoma, ( 2 ) tlie hmphoid elements from w'hich maj arise either 
a simple lymphoma (at times so-called hmphadenoma) or a malignant hmpho- 
blastoma, that is, the so-called I 3 mphosarcoma, and (3) angiomas and caiernoiis 
angiomas, together wnth the malignant counterpart, the endothelioma, arising from 
the vascular or sinus endothelium 

The tumois usually glow rapidly, and the diagnosis is usuall) made at 
necropsy 

Smith and Rusk decided that lymphosai coma is piobably the most 
usual type, although endothelioma is not uncommon They reported 
2 cases m which a tumor arose fiom the lining cells of the splenic 
sinuses The cells assumed a definite alveolai arrangement foi the 
most part In some areas thev w^eie closely packed togethei wuth only 
fine connective tissue fibrils between them, as showm by Malloiy’s con- 
nective tissue stain The cells had a fairl}^ definite outline spindle- 
shaped 01 polygonal, with cleai, oval or lounded nuclei, the smallest 
being twice the diameter of Ivmphoid cells Of the cases reported 
since that survey, w'^e review briefly onl}^ those in which the micioscopic 
picture w^as somewdiat similai 


From the Blackburn Laboratory, Saint Elizabeths Hospital 
1 Smith, C E, and Rusk, G V Arch Surg 7 371, 1923 



LANGENSI R4SS-NEVM ANN— SARCOMA Oh SPLEEN 753 


Taylor - described a spleen with a few atiophic inalpighiaii bodies 
and an increase in the endothelial striictuies The blood channels were 
laige, pooily formed and lined by cells which weie largei and more 
deeply stained than tliose noimally piesent There were many hyper- 
chromatic cells with seveial closely packed nuclei oi with one laige 
vesicular nucleus Mitotic figures were mimeioiis Tayloi designated 
the endothelium of the splenic pulp as the oiigin of this tiimoi 

In Howard’s case the clinical picture was that of a pernicious 
anemia The spleen weighed 1,800 Gm , and there was metastasis only 
to the liver The tumoi cell was a reticulum cell with a lound oi ovoid 
vesiculai nucleus and faiily abundant cytoplasm There w^ere occa- 
sional giant cells and many mitotic figures Among these cells w'eie 
varying numbers of lymphocytes, and a delicate reticulum was piesent 
throughout 

Wright and Stevenson ‘ described a sarcoma of the spleen com- 
posed of large cells and showing an alveolar aiiangement The mam 
constituent of the tumor w'as a round cell with a fairly large nucleus, 
piobably of mesoblastic oiigm Cells of that type filled the meshes of a 
fine reticular stioma and pioduced a somewhat alveolar structuie 

Paine reported anothei malignant neoplasm of the spleen which 
he called hemendothelioma The spleen was enlarged and nodular 
Some of the nodules w'ere white and firm and w'eie neciosed in die 
center The nodules weie separated by coarse and fine strands of 
fibious tissue wduch from the arrangement beneath the capsule appeared 
to grow from the original splenic trabeculae The noimal pattern of 
the spleen was masked Macroscopically, no malpighian coipiiscles 
weie identified There w'ere metastases to the hvei and the bone 
marrow' The cells varied from a spindle-shaped form wnth a deeply 
stained nucleus to a nearly ciiculai form with a vesiculai nucleus 
They resembled endothelial cells Some of the cells showed phagocytic 
properties, and their tendency to foim tubules indicated their endo- 
thelial origin Intracellular fibrils were not demonstrated 

Caldwell “ summarized the observations in his case as follow'S 
There was a primary malignant neoplasm with extensive metastases 
to the lymph nodes, lungs and subcutaneous tissues, together with 
numerous peritoneal implantations The tumor was of the large louncl 
cell type with a tendency toward alveolar arrangement but without any 
definite angioplastic structure Delicate aig}iophihc fibrils seemed to 

2 Taylor, A L Bristol Med -Chir J 46 121, 1929 

3 Howard T J Lab S. Clm Med 14 1157 1929 

4 Wright, T H , and Stevenson, E M K Glasgow M J 114 ], 1930 

5 Paine, C G J Path Bact 34 139, 1931 

6 Caldwell, G T South M J 26 120 1933 
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be foimed by the tumor cells m the moie chftei entiated poitions of the 
tumor, but they weie nearly completely lacking m the more cellular 
aieas The tumor was consideied to be a pnmai} leticulo-endothehoma 
of the spleen 

KUPORT or CASE 

A well developed and well nourished white man of 42 j-ears was admitted to 
the hospital on Jiil}' 15, 1930, suffering from dementia paralytica Previous to 
his admission he had received treatment with arsphenamine, mercurv and malaria 
The malaria terminated spontaneously after twelve chills Serologic and neuro- 
logic findings confirmed the diagnosis of dementia paralytica The patient showed 
complete mutism 

The clinical course was uneventful for nearlv three years, then the inguinal 
bmiph nodes began to enlarge Abdominal palpation showed a large, hard, nodular 
mass at the crest of the left ilium The roentgenologist’s report read “There 
IS a disintegration of the wmig of the left ilium There is no e\idence of a bony 
growth such as one would expect if the process w'ere carcinomatous It is possible 
that the condition is sarcoma ” Further studies revealed numerous metastatic 
growths, but the location of the priniarv lesion could not be ascertained 

A biopsv specimen of an inguinal bmph node was reported on as foUow's 
“The h'lnpl Old tissue is practicallv completely destroied and infiltrated bj’’ a new 
growth consisting of rather large polj'hcdral and spindle-shaped cells with large 
vesicular nuclei There is a moderate amount of connectne tissue stroma, rather 
slight on the whole, and small immature blood ^essels Occasional giant cel! 
formation is observed Many of the nuclei are large, undergoing mitotic division 
The cells on the whole appear more of epithelial type although rather undif- 
ferentiated In addition to the mam cells there are numerous small rounded bodies, 
often slightl}'^ oval, staining intensely b 3 hematoxjdin and bearing no definite rela- 
tionship to the cell, although the}"^ are occasional!}' found in the cell and even 
in the nucleus They do not seem to indicate degeneration because there is not 
much necrosis present ’’ The diagnosis was metastatic carcinoma 

Histologic examination of the tumor of the bone show'ed the follow'ing charac- 
teristics “The appearance of the grow'th vanes greatly from place to place A 
section taken through the soft tissues show's an invasive growth made up of cells 
irregular in size and shape, with very little stroma The cells have large nuclei 
and a tendency toward a fusiform or rounded cytoplasm Nucleoli are present 
in some of the nuclei, and occasionally multiple nuclei are found in the same 
cell There is invasion of the muscular tissue adjacent to the bone, infiltration 
between the separate fasciculi and degeneration of the muscular tissue One of 
the sections from the bone shows rather normal-appearing red marrow' , another 
shows a markedly increased number of small rounded oval cells and scattered large 
cells, considerably resembling those of the adjacent growth ’’ The pathologist 
offered the following comments “In comparison with the lymph node previously 
submitted, the tumor is apparently of the same nature, and is probably of epithelial 
origin From the undifferentiated character of the cells, I should be inclined to 
regard it as highly malignant I should hesitate to suggest the point of origin of 
this tumor, but the cells resemble those ivhich might be derived from the lung 
or from the kidney ’’ The histologic diagnosis was metastatic carcinoma 

At the time of this biopsy the patient’s blood showed 74 per cent hemoglobin 
and an er}throcyte count of 4,010,000 cells per cubic millimeter Two w'eeks later 
the hemoglobin content dropped to 45 per cent and the number of red blood cor- 
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puscles to 2,430,000 One month later the hemoglobin content was 44 per cent, 
and the red cells numbered 2,310,000 The white blood cell count remained normal 
throughout The blood chemistry and electrocardiograms were not unusual The 
basal metabolic rate was plus 20 2 

Considerable edema of the lower extremities appeared m the later stages The 
patient showed progressive mental and physical deterioration He died four 
months after the appearance of the first sign of neoplastic disease 


A 



Fig 1 — Section of the lymph node removed for biopsy Hematoxylin and 
eosin stain, high power magnification 


A summary of the autopsy observations (made by Dr Walter Freeman) 
follows The body was poorly nourished There was a large node in the left 
axilla Two ribs showed tumor formation and pathologic fracture There was 
induration of the left iliac bone The parietal and visceral peritoneum showed 
numerous fiat graMsh plaques and was considerabh thickened The liver was 
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enlarged Scattered areas of metastasis were found in the epicardium Small tumor 
nodules were found in both lungs These tumors were embedded m the tissue rather 
than compressing it There were several indurated ulcers m the ileum Afeta- 
static grow'ths were found in the serosa of the appendix and in the cecum, and a large 
nodule lay betw^een the bladder and the rectum The liver contained only one 
nodule, 2 cm in diameter There w'as surprising preservation of the hepatic 
architecture in tins nodule, and no obvious compression of the surrounding hepatic 
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tissue, as w’ould be usual m the ordinary metastatic carcinoma Aletastatic nodules 
showing similar characteristics were also found in the pancreas 

The spleen weighed 695 Gm It w'as dark, fairly firm and nodular On 
incision it W'as divided up into a number of nodules, the largest being about 5 cm 
in diameter Alost of these w'ere dark red, showing much of the color of 
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splenic tissue, except that in the center of sonic of them there was a stellate area 
of whitish color, which was shghtlj' firmer than the surrounding dark splenic- 
appearing tissue but showed no tendencj' to necrosis 1 here was a little normal 
splenic tissue between the various lobules 

Confluent enlarged nodes were found along the abdominal aorta, around the 
left kidiiev, along the iliac and pancreatic vessels and m the left axilla Ihere 



Fig 3 Reticulo-endothelionia of the spleen, showing argyrophilic reticulum 
Perdrau stain , high power magnification 


were seieral nodules in the substance of each kidney The bladder showed evi- 
dence of metastasis The prostate and testes were normal The endocrine system 
was normal, except for the right adrenal gland, in which metastasis was noted 
There was practicall}'^ complete destruction of the sixth and seventh ribs in 
the axillary portion by the tumor involvement A growth protruded from the 
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eighth and ninth ribs into the thorax and was adherent to the lung A large 
mass appeared in the left ileum, which projected into the pelvis and disrupted the 
bone There was also rather massive infiltration of the lumbar vertebrae There 
were a few swellings beneath the pericranium which did not appear to invade the 
bone 

The brain apparently was normal 

The diagnosis at the time of autopsj' was that there were possible sources of 
primary growth around the pelvis of the left kidney or the pancreas, with metas- 
tasis to the epicardium, lung, spleen, lymph nodes, peritoneum, liver, bladder, 
adrenal glands, ribs, vertebrae and ilium However, it was mentioned that “the 
only other growth having definite appearances of primary carcinoma is in the 
spleen, where the foci are multiple and the character of the tissue entirely differ- 
ent from that seen m the other organs The extent of the carcinomatous invasion 
of the bony system and of the peritoneal surface is quite unusual in this case, 
but the very great involvement here and the slight invohement in the thoracic 
cavity are a cause for comment ” 

Microscopic examination shortly after autopsy confirmed the first impression 
that the cell type was carcinoma originating m the region of the left kidney. 
However, it was mentioned that “the metastases are quite generally characterized 
by their infiltrative tendency, thus reminding one of Ijmphoid growths rather 
than carcinoma ” 

Detailed microscopic examination gave the following results One section of 
the spleen included a portion of the tumor nodule with the whitish center, as 
described at autops}', and also some compressed adjacent splenic tissue The pallor 
of the center was due to the absence of blood and the scarcity of blood spaces in 
that area There was a fairly definite fibrous capsule separating the neoplasm 
from the adjacent splenic pulp This strip was not continuous and did not act 
as a barrier, as tumor cells were seen in the wall of a vessel which lies in this 
strip of connective tissue, also scattered in the pulp on the other side A few 
trabeculae were seen in the sarcomatous area near the capsule 

In another section of this organ no trace of normal architecture was preserved 
Except for the capsule, the splenic pulp had been entirelj replaced with undiffer- 
entiated neoplastic cells These cells were large, often attaining a size of 30 
microns or more, with single or multiple vesicular nuclei and one or two promi- 
nent nucleoli The rim of clear cvtoplasm was usuallj'^ narrow and assumed 
various shapes Some of the cells were spindle-shaped with a long narrow 
nucleus , others were round, oval or polyhedral Giant cells were fairly numerous 
Mitotic figures were frequently seen Small dark blue granules were often gath- 
ered in small groups enclosed m a cell body, but without nuclear membrane Since 
the cells in which they appeared did not possess other visible nuclei, it was con- 
jectured that thej'^ represented nuclear material or fragments of chromatin due 
to karji-orrhexis Sometimes similar-appearing granules were free in the tissue 

The few remaining malpighian corpuscles were small Ljmiphocytes were 
scattered throughout the section, as well as a moderate number of polymorpho- 
nuclear leukocytes Trabeculae were not recognized The capsule was intact 
Red blood cells were seen everj where, but the walls of the vessels w'ere thin and 
indistinct 

With the Perdrau stain there was seen to be an extremelj' dense anastomosing 
stroma of argyrophilic fibers everywhere The vessels were now easily identified 
The contrast with a normal spleen stained by this method was striking In the 
normal section, connective tissue fibers were present only’’ m the trabeculae and 
walls of sinuses With Mallory’s aniline blue connective tissue stain the picture 
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was about eqiiall\ striking Ain ost e\cr^ inclnichial cell appealed to be sin- 
rounded bv a network of delicate and coaisc fibrous strands 

The tumor cells wcie entireh similar in e\erv metastasis Studies were made 
of the mctastases winch occuned in the cpicirdnim, lungs, kidncvs, liver, pancreas, 
intestine, adrenil glands, omentum and iktim A jicculiar cliaiactenstic of this 
case IS the intermingling of tumor cells and parenchyma wnthout compression of 
the latter The individual structure of tlic organ could lie discerned underlying 
the neoplasm, except in the spleen, wheic the cliaiactenstic structure had been 
completely lost in the tumor From our studv of the case we concluded that tlic 
primary focus of the grow'tli could not hav£ hcei the kidnev or the pancreas 
From our microscopic study it appears that the ‘stellate areas of whitish coloi 
described at autopsj are centers of neoplastic growth There is no doubt trom 
the tvpe of cells and their arrangement that we are dealing with a sarcoma instead 
of a carcinoma The formation of an argvroplnlic reticulum is proof that we 
are dealing with a mesodermal growth 

We classify it, therefore, as a primary sarcoma of the spleen originating in the 
reticulo-endothelial cells 

CO^r^IE^'T 

The lack of tmifoimit} in the classification of s])lenic tumois has 
lepeatedly been stiessed Etving ■ divided them into three gioups 
spindle cell saicoma, endothelial saicoma and h m])hosaicoma He 
exptessed the beliet that those aiising in the reticulo-endothelial system 
aie of most fiequent occtiiience His clesciiption follows 

As a rule, it produces multiple nodules in a greatly enlarged organ, and inanv 
of these nodules may fuse into larger diffuse masses kletastases arc commonlv 
present The tumor is, therefore, quite malignant 

The structure consists ot large cells with single or multiple vesiculai nuclei 
and pale cytoplasm They are lound or elongated or pohhedral and giant-cells 
ma\ form The arrangement maj he diffuse or alveolar 

Ewing did not mention the aigyiophilic reticulum, which is a con- 
stant featuie of tumois of reticulo-endothelial ongin The details ot 
our obseivatioii show a gieat siiuilaiity to Ewing’s desciiption of endo- 
thelial saicoma We suggest, howevei that all neoplasms of this natuie 
1 e definitely classified as i eticulo-endothehal sarcoma This will avoid 
confusion wnth the angioplastic tumois aiising in the endothelial lining 
of the sinuses 

7 Ewing 1 Neoplastic Diseases, cd \ Philadelphia, W P. Saundcis 
Companv Ibtl ^ 122 



GENERALIZED PRIMARY ANGIOSARCOMATOSIS OF 

THE LYMPH NODES 

C 

PERRY J MELNICK, MD 

DECATOR, II I 

The following lepoit concerns a unique case of geneialized piimai) 
angiosarcomatosis of the l}mph nodes Onl}' two cases resembling this 
one have been lepoited Baumgaiten ^ in 1916 described a case of gen- 
eiahzed piiniaiy spindle cell saicoma of the lymph nodes Kaufmann - 
mentions a case of geneialized primai} m\xosaicoma of the lymph 
nodes which he obseived A doubtful case lepoited by Spielei " seems 
to be that of a leticulum cell lymphosai coma (letothel saicoma) ot the 
lymph nodes and intestine 

The familial lymphosai comas aie b}'^ fai the most fiequent of the 
piimaiy tumois of the lymph nodes The so-called endotheliomas of 
l}mph nodes are undoubtedly letothel sai comas their histogenesis beinu 
fiom the sinus endothelium Othei piimaiy sai comas of the lymph 
nodes aie raie Kaufmann mentioned cases of fibrosaicoma siDindle 
cell saicoma. angiosaicoma and round cell sarcoma In these cases one 
lymph node oi one gioup of l)mph nodes was iirvolved 

tEir case is vei} cuiious and unique in that almost e\ei 3 ' l 3 miph node 
in the entile bod} appeals to be the site of appaiently piimai} angio- 
saicoma Baumgai ten’s case was that ot a 58 year old man in wdiom 
at autops} all the l 3 nnph nodes in the entiie body weie enlarged up to 
the size of hen’s eggs and w^eie the site of piimai}^ spindle cell saicoma 
No trace of tumoi w^as found ainwvheie else Ivaufmann’s case was of 
a 32 3 ^eai old man with geneialized lymph node enlaigement of fifteen 
yeais’ duiation, in whom the l 3 nnph nodes weie the site of m 3 fxosaicoma 
A case asciibed by Spielei to this gioup turns out to be one of leticulum 
cell l 3 nnphosaicoma (letothel saicoma) of the hanph nodes and 
hmphatic tissue of the intestine In his detailed desciiption of the case 
the leticulum cells are fully identified even to the mtiacellulai aigento- 
phil leticulum fibrils, but at the time of his report (1918) letothel 
sarcoma had not 3 ^et been cleaiK lecognized as one of the thiee foims of 
h mphosai coma 

From the Department of Pathology Cook Countv Ho'^pital Dr R H laffe 
dll ector 

1 Baumgarten P Berl klin Wchnschr 52 1201, 1915 

2 Kaufmann, E Pathology for Students and Practitioners, tianslated Iw 
S P Reimann Philadelphia, P Blakiston’s Son & Co 1929 \ol Ip 282 

5 Spieler F Zur Lehre des generalisierten Sarcoms der L 3 miphdriisen und 
des Dirmes Imug Dissert Basel 1918 
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REPORT or A C\SE 

The patient, a 64 year old Italian laborer, is alive and well He entered the 
Cook County Hospital on Oct 6, 1933 About a ^ca^ picviously he first noticed 
lumps m the neck, both a\illarv regions and both inguinal regions The lumps 
grew slowly and neser caused him any trouble Four months befoie entrance 
he became short of breath and began to have swelling of the ankles He bad 
rheumatism twentv-four \ears before entrance There was nothing else of signifi- 
cance in the past historr, and the familv history was negative 

He appeared well dc\ eloped and well nourished, comfortable and not acutely 
ill The pulse, temperature and respirations were normal The iilood pressure 
w'as 100 svstohe and 55 diastolic Examination of the head showed no abnormaliti 
In the neck every group of hiiipli nodes on both sides w'as eiilaiged The si/e of 
the nodes ranged to that of a cherry, and thee were firm, discrete and movahle 
In the chest crackling rales were heard m both lower lobes but there w'ere no 
othci abnormal findings The heart, on percussion, appeared slightly enlarged to 
the left, a svstohe murmur w'as heard over the apex, transmitted to the axilla 
In both axillarj regions the lymph nodes were enlarged to w'aliiut size Thev 
were discrete and firm In addition, e\erv other group of Ijmph nodes m this 
region was enlarged, namelv sulipectoral and mterpcctoral nodes T liese could 
not always be seen but could be felt as pea-si/cd movable nodes 1 he abdomen 
was soft and not tender Tlic liver was palpable 2 fingeriircadths lielow the costal 
margin 1 he spleen and kidneys w'cre not palpable , no abnoi mal masses w'ei c 
felt In the inguinal regions the lymph nodes were enlarged to w'alnut size, dis- 
crete and firm In the upper extremities the epitrochlcar lymph nodes weie 
enlarged to cheir> size, and several smaller nodes w'cre palpable, forming a eham 
along the medial aspects of both arms The low'cr extremities had slight pitting 
edema about the ankles 

Leukemia, lymphosarcoma or Hodgkin’s disease were the possibilities that 
came to mind The cardiac findings w'ere interpreted as a rheumatic mitral lesion 
WMth myocardial decompensation Examination of blood films revealed no abnor- 
mal cells There was a moderate anemia , the hemoglobin eontent was 66 per 
cent , the red blood cell count, 3,470,000 the wdiite blood cell count, 10,200 Stained 
films revealed no abnormal blood cells The urine was normal , the blood chemistry 
was normal and the Kahn reaction of the blood negative An x-ray film of the 
chest revealed only slight increase m the hilus markings X-ray films of the gastro- 
intestinal tract and of the skeleton revealed nothing abnormal 

A biopsy of a cervical Ijmph node disclosed what was apparently an angio- 
sareonia associated with a lymph node A biopsy of anothei cervical hmiph node 
levealed an exactlj similar picture This unusual finding stimulated much interest 
III the case Still another biopsy was made, and this time tw'o large cherry-sized 
lymph nodes were carefully dissected out from the right epitrochlear region and 
immediately fixed m Zenker’s fluid containing dilute formaldehyde solution The 
patient made an uneventful recovery from the biopsies and with digitalis therapy 
for his heart condition improved so markedly that he insisted on going home He 
is at the time of writing alive and well, thirty months after the first appearance 
of the enlargement of the lymph nodes A recent examination revealed nothing 
additional of importance The nodes have increased only very slightly m size m 
the past fifteen months, and are giving the patient no trouble (fig 1) 

Micioscopic Eiaiiinia/ioii— Sections of the lymph nodes fixed in Zenker’s fluid 
were stained with the hemalum eosm, Van Gieson, Mallory phosphotungstic acid 
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hematoxylin, elastic tissue and non stains llie histologic appearance of all the 
excised lymph nodes is the same The greater part of the center of each node 
IS composed of tumor tissue (fig 2) In the peripherj^ of the node a rim of intact 
lymphatic tissue is seen which is slightly compressed but otherwise shows no 
changes The centrally located tumor tissue is separated from this peripheral rim 
by a narrow band of dense connective tissue The tumor tissue making up the 
centci of the lymph node is composed uniforml} of narrow vascular spaces lined 
b)’- flat endothelium These spaces are about the diameter of small capillaries 
and contain red blood cells Between the vascular spaces is a delicate stroma 



Fig 1 — Recent plotogiaph of the patient showing enlarged axillaiv, pcctoial, 
ccivical and cpitrochlear lymph nodes The biopsy scar m the right cpitioclile n 
icgion is visible 


This stroma is composed of fusiform and spindle-shaped cells wuth elongated dark- 
staming nuclei Scattered throughout are a few delicate collagen fibrils The 
stroma shows intimate relations to the vascular spaces In maii}^ places these 
\ascular spaces can be seen m the process of formation as young capillarj'^ twigs 
budding from the fusiform cells There is little anaplasia, and only occasional 
mitotic figures can be seen The vasoformatne character of the undifferentiated 
stroma composed of fusiform cells and its relation to the \ascular spaces arc 
clearh seen in all the nodes examined (fig 3) 
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COMMLNT 

Seveial intoiesting questions ])iesent Ihenisehcs Fust is the pos- 
sibility of the condition being one of multiple metast.ises 1 he absence 
of a piiinaiy sonicc and the absence of visccial and skeletal metastascs 



Fig 2 — Very low power view of a lymph node showing centrally located tumor 
tissue and a peripheral nm of lymphatic tissue separated from the tumoi by the 
lattei’s narrow connective tissue capsule 


speak against this Such extensive multiple metastases to lymph nodes 
would be exceedingly rare Of course the possibiht} still exists, 
because aftei all only biopsv mateiial was studied But it is unlikely 
since exhaustive clinical investigation of the patient failed to leveal a 
piimaiy tuinoi 
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Second is the lelationship of the tumor to the lymph nodes them- 
selves There seems to be no i elation to the lymphatic tissue proper 
The tumor is separated from the lymphatic tissue by a narrow band of 
collagen fibeis and fibrocytes Some other stiucture in the lymph node 
seems to have been the point of origin Apparently vasculai anlageii in 



Fig 3 — High power view of the tumor tissue (hemalum and eosin) Capillary 
spaces are seen budding from the fusiform cells of the stroma 

either the capsule, the trabeculae or the hilus, oi the preexisting blood 
ressels of the lymph node, may account foi the histogenesis 

Third, the possible lelationship to the leticulo-endothelial apparatus 
of the lymph nodes must be considered There seems to be no relation- 
ship The tumoi has distinctly the charactei of angiosaicoma The 
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liisifoim stioma cells aie of difTeientiated angioblastic type and have 
no lesemblance to oi lelationship with, the leticukim cells The vascu- 
lar spaces are lined by oidinaiy vascular endothelium, which, as is well 
known, has no lelationship to leticulo-endothelium 

The question of the degiee of malignancy of the tumoi is inteiest- 
ing Since theie is so little cellular anaplasia, since the patient’s condi- 
tion IS still good, and since the lymph nodes haA'e grown only very 
slonly in the past thiity-tno months the degiee of malignancy seems 
to be low One is reminded of Kaufmann’s case of fifteen yeais’ dura- 
tion, and of Kaposi’s multiple angiosaicomatosis of the skin m which 
durations up to twenty-five tears have been lepoited 

The impression m this case is that the tumoi s hate arisen fiom 
independent multiple angioblastomatous anlagen in the lymph nodes 
Such multiple s}stemic angiomatosis is not at all laie Osier's disease 
or multiple telangiectasia of the skin and internal oigans, foi instance, 
IS well knotvn This heieditaiy condition has been tiaced m about one 
lumdied families known to have the disease It is chaiacteiized by the 
occurrence of multiple disci ete hemangiomas in the skin and internal 
oigans Jaffe ‘ and Goldstein hate made impoitant studies of this 
condition It illustrates the occuiience of multiiile disci ete angiomatous 
anlagen 

Of much greater resemblance to the present case, however, is 
Kaposi’s multiple angiosaicomatosis of the skin 1 he histologic picture 
of this lesion is cliaiacteiistic In the eaih lesions oval to spindle- 
shaped cells appeal and piolifeiate, and foims in tiansition fiom them 
up to w'ell foimed capillar t -like vascular spaces aie seen d he fusiform 
cells pioduce a \asofoimatue tissue fiom which the small capillai) buds 
giowf Dorflfel *' has made an extensive histologic study of sixteen cases 
of Kaposi’s saicomatosis and finds this histologic picture to be charac- 
teristic In the late stages this picture is changed and obscured by 
hemorrhage and degenerative changes Cans " m his textbook gives the 
same chaiacteiistics Hamdi and Resat found the same histologic pic- 
ture in the early lesions in sereral cases They also proved that the 
lesions are discrete and independent of each other by making serial 
sections through a number 

The striking similarity of the histologic picture m the present case 
to that of Kaposi’s saicomatosis is of more than passing interest In 

4 Jaffe, R H Arcli Path 7 44, 1929 

5 Goldstein, H I Arch Dermat &. Syph 26 282, 1933 

6 Dorffel, J Arch Dei mat & Syph 26 608, 1932 

7 Cans O Histologic der Hautkrankheiten, Berlin, Julius Springer 19^8 
rol 2, p 463 

8 Hamdi, H , and Resat, H Ann d’anat path 9 593, 1932 
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both, the tumoi tissue is Aasofoimative, that is composed of unchffei- 
entiated fusifoim niesench^unatous cells fiom A\hich capillai}^ buds 
glow Oisos'' has made a histologic study of eleven cases of such 
capillcuy angioblastic tuniois d hey aic quite different fiom angio- 
endothehonias , in the lattei the diffeientiated endothelial cells lining 
the vasculai space aie the jiiohfeiating units 

SUMMARY 

The case lepoited heie is one of geneialized piimai} angiosaicoina- 
tosis of the Ijnnph nodes of thiity-tuo months’ duiation in a 64 yeai 
old white man Biopsies of foui difl-eient hunph nodes iCAealed the 
same pictuie, namely, that of an angioblastomatous tumor of low giade 
malignancy centially located m the lymph nodes faiil}'^ A\ell encap- 
sulated and appaiently independent of the lymphatic tissue oi the 
1 eticulo-endothehal appaiatus The oiigm seems to be from multiple 
A^asofoimative aniagen in the lymph nodes The lelationship to othei 
foims of multiple angiomatosis and to Kaposi’s multiple angiosaicoina- 
tosis of the skin is discussed Ta\o similai cases of geneialized piiman 
saicomatosis of the lymph nodes have pieviously been lepoited 

9 Orsos F Beitr z path Anat ii z allg Path 93 121, 1934 
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TRYPANOCIDAL ACTION OF NORMAL HUMAN 

SERUM 

JAMES T CULBERTSON, PhD 

l^EW YORK 

The ti>panocidal piopeit) of human serum has been known since 
1902, when Laveran’- discoveied the phenomenon while studying mice 
experimentally infected with the trypanosome of nagana, Tiypaiiosoma 
Brucei In the yeais following this obseivation, the investigations in 
the field, which have taken numerous directions, have giadually indi- 
cated that this property of the serum is of considerable significance in 
immunology Although a large numbei of papers have been presented 
on the subject, no geneial summary of the trypanocidal phenomenon 
has appeared in recent yeais coveiing the various aspects which 
research on this interesting and sti iking chaiactenstic of human serum 
has taken It is to supply this need for the increasing number of 
workers in this and related fields that the present review is ofieied 
When studied with the purpose to explain the development of 
natural antibodies in general, the trypanocidal property of human serum 
takes on added significance The average person probably at no time 
m his life IS exposed to subchnical or latent infection or to specific 
immunization by other channels with any form of trypanosome Yet, 
regularly, this antagonistic property develops in the blood of normal 
human beings soon after birth The chance of heterologous immuni- 
zation with some other agent which possesses antigenic moieties m 
common with the trypanosome remains, however, although as yet no 
such agent has been determined It seems possible that the trypanocidal 
substance occurs in consonance with the normal physiologic maturation 
of the human body - and is not to be regarded as the product of a 
process of antibody formation In the light of recent observations, 
It is perhaps not too much to hypothesize that analogous processes are 
responsible for the appearance in the serum of normal persons of 
antagonistic substances of abioad range, including those which destro> 
certain bacteria and certain filtrable viruses 

From the Department of Bacteriology', College of Physicians and Surgeons, 
Columbia Umversit}' 

1 Laveran, A Compt rend Acad d sc 134 735, 1902 

2 Jungeblut, C W, and Engle, E T J A M A 99 2091, 1932 
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In leviewing the subject, I shall discuss the limitations and the 
general propeities of the trypanocidal substance, its formation by the 
body, its mode of action on trypanosomes, its correlation with man’s 
immunity against trypanosomes, its possible clinical significance and, 
finally, its relationship to certain other protective activities of the serum 

LIMITATIONS OF THE TRYPANOCIDAL PROPERTY 

Species of Ti ypanosomes Affected — Human serum manifests its 
activity not only on the tr 3 'panosome of nagana (T Brucei) but also 
on the tr 3 ^panosomes of surra (T Evansi), mal de caderas (T equinum) 
and dourine (T equipeidum) as well as on other trypanosomes naturally 
pathogenic for animals ^ Normalty, these trypanosomes possess great 
virulence for mice and rats, and such animals generally die m fiom 
three to five days after the parasites liaise appeared in the blood stream ^ 
'When 1 cc of human serum is introduced into the infected animals, 
however, the parasites, which may have been present in tremendous 
numbers previously, disappear completely from the blood within a few 
hours After an interval of from eight to twenty da 3 ’'S, the trypano- 
somes return and, unless more human serum is introduced, piomptly 
cause the death of the animal Such removal of the paiasites from the 
circulation can be accomplished repeatedly ovei a period of two or three 
months, but finally the effectiveness of the human serum is lost and 
the animal dies Laveran ® noted that only very seldom was complete 
cuie or sterilization possible thiough the administiation of human 
serum Nattan-Lairier and Noyer,® likewise, frequentl 3 '^ observed 
relapses after the injection of serum, and Adams " failed to effect cure 
at any time, although the temporary removal of parasites fiom the 
blood was accomplished repeatedl 3 '’ The use of human serum is more 
successful for the purpose of preventing than of treating infections 
with the pathogenic ti^'^panosomes ® However, amounts as small as 
0 1 cc of noimal serum injected subcutaneously into a mouse of 20 Gm 
weight at the time of infection with T Biucei often are capable of 
causing complete inhibition of the infection 

A very striking difference in the effect of human serum is seen in 
mice infected with the pathogenic trypanosomes of man, T gambiense, 

3 (n) Laveran, A Compt rend Acad d sc 137 IS, 1903 (&) Thirouz, 

A, and d’Anfreville, L ibid 147 462, 1908 La\erani 

4 Taliaferro, W H Quart Rev Biol 1 246, 1926 

5 Laveran, A Compt rend Acad d sc 138 450, 1904 

6 Nattan-Larrier, L , and Noyer, B Compt rend Soc de biol 104 475, 

1930 

7 Adams, P Ztschr f Immunitatsforsch u exper Therap 58 456, 1928 

8 (a) Goebel, O Ann Inst Pasteur 21 882, 1907 (&) Rosenthal, F, and 

Krueger, Berl kbn Wchnschr 58 382, 1921 
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T rhodesiense and T Cruzi ® If used in the test soon after their isola- 
tion from human beings with trypanosomiasis, these parasites aie insus- 
ceptible to the action of human serum Somewhat readily, however, 
T rhodesiense, m distinction fiom the other human forms, becomes 
susceptible to the effects of human serum after lepeated passage through 
mice, rats or guinea-pigs Corson has found that human serum is 
more effective m mouse infections with T rhodesiense if the parasites 
are first passed through sheep and goats Mesnil reported that a 
strain of T gambiense also became susceptible to human seium after 
being passed through animals m his laboratory foi nine years, but 
another strain kept even longer, twelve years by Laveran retained 
throughout this period its original serum resistance This selectivity 
in the action of human serum is considered by some to be of impor- 
tance m connection with man s immunity to the animal pathogens and 
his susceptibility to the human species of trypanosomes More will be 
said on this point later 

The common, nonpathogenic parasite of rats. Trypanosoma Lewisi, 
is also insusceptible to the tiypanocidal effect of human serum This 
was noted by Laveran and Mesnil and recorded in one of their earliest 
papers also have found T Lewisi infections in lats unaltered in 
any phase of their course^® by the admimstiation of human serum 
The resistance of T Lewisi to human serum parallels its resistance 
to most of the chemicals which act so positively on the pathogenic 
trypanosomes 

I have found recently that Trypanosoma diemyctyli, the trypano- 
some of the red-spotted newt, Tiiturus viridescens, also is resistant to 
fresh human serum even when the newts are kept at a temperature of 
37 C after the injection of the serum 

Type of Scuims Winch Exhibit Tiypanocidal Pozuei — The trypano- 
cidal power of serum is not widespread among the species of animals 
It is, indeed, almost exclusively a property of the serum of man The 
serums of some kinds of monkeys are active, however Large doses 

9 (a) Laveran, A , and Nattan-Larner, L Compt rend Acad d sc 154 
18,1912 (6) Zeiss, H Arch f Schiffs- u Tropen-Hyg 24 73,1920 Laveran s 

10 Mesml, F, and Ringenbach, J (a) Compt rend Acad d sc 153 1097, 
1911, (&) ibid 155 78, 1912, (c) Bull Soc path exot 7 612, 1914 (d) Fair- 

bairn, H Ann Trop Med 27 251, 1933 

II Corson, J F J Trop Med 34 81, 1931 

12 Mesnil, F Compt rend Soc de biol 77 564, 1914 

13 Laveran, A Bull Soc path exot 8 442, 1915 

14 Laveran, A, and Mesml, F Ann Inst Pasteur 18 785, 1902 

15 Culbertson, J T Ann Trop Med 28 93, 1934 

16 Taliaferro, W H J Exper Med 39 171, 1924 
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of the serum of the baboon, which is naturally immune to infection 
with all species of trypanosomes,^’’ is effective even against the human 
forms, T gambiense and T rhodesiense, which are lesistant to human 
seium^® In its action on the animal pathogens (T Biucei, T equi- 
peidum, etc ), on the othei hand, baboon seium is less powerful than 
human serum The seiums of mangabeys and mandrills also exhibit 
limited actmty against T Brucei In contiast to these positive effects 
wath the seiums of ceitam Primates, no activity against any species 
of trypanosome has been obseived wuth the serum of any of the com- 
mon domestic or laboiatory animals (horse, cow, sheep, goat, pig, rab- 
bit, gumea-pig, lat, mouse and fowl) 

Hosts m Winch the Ti ypaiioctdal Effect of Human Senim Is 
Manifested — The eaihest work on the trypanocidal activity of human 
seium was carried out in mice and rats Goebel, and moie recentl} 
Peruzzi,^’’ employed guinea-pigs m some of then tests, but the lesults 
obtained have been somewdiat less constant than those obtained with 
mice and rats Laigei animals have been emplo 3 ed but rarely, prob- 
ably because of the proportionately gi eater volume of human seium 
lequired to demonstiate the trypanocidal effect 

PROPERTIES AND NATURE OF THE TRYPANOCIDAL SUBSTANCE 

Authors are m geneial agieement concerning many of the basic 
properties of the tiypanocidal substance m human serum, but obser- 
vations on some other chaiacteis are m such conflict that conclusions 
are reached only with difficulty It is established that the tiypanocidal 
substance is found m the fluid and not in the formed part of the blood 
Goebel eaily associated the substance wuth the globulin fraction of 
the serum, and this has found confirmation with Rosenthal and Freund 
and others The substance is insoluble in ether It is theimolabile 
heating at 64 C for an hour destroys wholly the activity of the serum, 
and exposure at a temperature of 56 C for this interval leads to its 

17 Zschucke, J Arch f Schiffs- u Tropen-Hyg 37 194, 1933 Regendanz, 
P ibid 37 195, 1933 

18 Laveran, A Compt rend Acad d sc 139 177, 1904 Mesnil and 
Ringenbach 

19 Peruzzi, M , in Final Report of League of Nations International Commis- 
sion on Human Trypanosomiasis, Boston, World Peace Foundation, 1928 

20 Mesnil, F , and Leboeuf, A Compt rend Soc de biol 69 382, 1910 
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partial inactivation The addition of fresh guinea-pig serum fails to 
restore the original tiypanocidal potency of a serum rendered inactive 
by heat When allowed to stand at room temperature, human serum 
gradually loses its trypanocidal powei and in two or three months is 
totally devoid of activity Even after a few days in the icebox a sig- 
nificant loss is noted, and after from two to four weeks marked reduc- 
tion in the power is observed If, however, the serum is dried and 
the powder dissolved m a suitable fluid when needed, activity is retained 
more oi less quantitatively for at least six months 

Relationship to the Sei inn Antibodies — Whether or not the trypa- 
nocidal substance is identical with the usual serum antibodies is not 
established Lareran and Mesml^‘ and Goebel®" believed it unlike an 
opsonin, and others have considered it different from any of the usual 
serum antibodies Laveran and Mesnil found that human serum 
failed to agglutinate trypanosomes whereas goat or sheep or especially 
pig serum — all of which are entirely without trvpanocidal action — gave 
marked agglutination They also discoveied that fowls, which are 
refractory to trypanosomes, yield, after long immuni7ation with a sus- 
pension of trypanosomes, a seium devoid of trypanocidal property 
At the same time, however, these workers found that the serum of 
goats or sheep immunized against trypanosomes prevented infection 
m mice if mixed with the trypanosomes wdien these were injected, 
although if the immune serum was inoculated elsewhere in the animal 
at the time of infection no protection resulted On the other hand. 
Strong and I observed that human serum loses its trypanocidal power 
after absorption with a mass of trypanosomes as well as with a mass 
of certain species of bacteria (e g, the typhoid bacillus and Proteus) 
Hence we concluded that the trypanocidal substance is a relatively 
nonspecific antibody 

Relation to Alexin — It was postulated by A R D Adams that 
“complement is the trypanocidal substance” because both properties 
were destroyed by heating, filtering or ammonifying a serum In sup- 
port of this. It has been found that both serum properties are lost or 
reduced simultaneously in certain types of disease Goebel,®" however, 
has thought the trypanocidal substance distinct from complement or 
alexin since the trypanocidal power, once inactivated by heating, cannot 
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be reactivated by the addition of fresh gumea-pig serum Further- 
more, it was pointed out that the trypanocidal action is a characteristic 
of the blood onl}^ of man and several kinds of apes whereas alexin is 
common to all forms Handler has i eported that no more than a 
crude parallelism exists between the rates of inactivation of the trypa- 
nocidal substance and that of alexin when fresh human serum is per- 
mitted to stand in the refiigeratoi Stiong and I'® m studies in vitro 
have found that the trypanocidal substance is separable fiom all of 
the known components of alexin both by filtration through Berkefeld 
candles and by the specific inactivation of each of the components of 
alexin Furtheimore, we have succeeded in totally lemovmg the trypa- 
nocidal substance from the seium by absoiption at 0 C vith t}phoid 
bacilli without reducing significantly the potency of the alexin We 
have concluded not only that the tiypanocidal substance is distinct from 
alexin but that each of these seium propeities can manifest its activit}^ 
in the complete absence of the othei 

Antigemc Propet ty of the Ttypanoctdal Stibstance — The antigenicit} 
of the trypanocidal substance has been a point of special inteiest 
Laveran and Mesnil ofteied an experiment from which they con- 
cluded that no antiti}panocidal antibody was formed as the lesult of 
repeatedly treating an animal with a tiypanocidal seium An infected 
lat was given seven injections of 2 cc of human seium at the rate of 
one every second day, beginning two days after infection with T Biucei 
The trypanosomes were not affected by the last injection of the senes, 
and the rat’s blood was diawn When 0 5 cc of this blood uas mixed 
with 0 5 cc of human serum and this mixtuie injected into an infected 
rat, the tiypanocidal action of the human serum was still demonstiable 
Goebel, on the other hand, found that human serum after being 
mixed with rabbit antihuman serum lost pait of its curative ponei 
and was no longer protective Rosenthal and Freund explained the 
giadual loss of trypanocidal powei aftei lepeated injections of human 
serum, not on the basis of antibody foimation, but by an “exhaustion ’ 
mechanism, which will be discussed latei Recentlj'-, Handlei pie- 
sented what is peihaps the most satisfactorj evidence on the piobleni 
of antigenicity of the trypanocidal substance of serum He concluded 
that the trypanocidal substance has the capacity to pioduce an equiva- 
lent precipitating antibodj'^ sepaiate from those formed against othei 
proteins of the serum, and has been able completely to inactivate m 
vitro the trypanocidal substance in human seium by precipitation with 
an optimum amount of a specific immune serum fiom the labbit 
Neither the supernatant fluid over the piecipitate noi the precipitated 
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substance manifested trypanocidal activity Handler considered the 
tiypanocidal substance antigenically distinct from other fractions of 
the human serum because an immune serum prepared against a human 
serum in which the tiypanocidal substance has been inactivated by heat 
was incapable of neutializing the trypanocidal substance of a fresh 
human serum The same authoi demonstrated similai antagonistic 
effects in vivo by treating infected mice with human serum and, sepa- 
rately, with rabbit antihuman serum It seems piobable fiom this that 
the trypanocidal substance of the human serum is antigenic and gives 
rise to a specific neutralizing antibodj on injection into animals The 
inability of some earlier woikeis to demonstiate the inhibitoiy effect 
of antihuman seium on the trypanocidal powei of normal human seium 
probably lies m their failuie to observe necessaiy quantitative i elation- 
ships between the antigen and the antibody concerned 

Additional Piopeiftes — A numbei of other piopeities of the tiypa- 
nocidal substance should be mentioned Adams • found the tiypanocidal 
action more marked when blood was permitted to clot at 37 C oi at 
loom temperature than when placed at 0 C With him, serums that 
gave a positive Wassermann reaction exhibited a gi eater tiypanocidal 
power than those that gave a negative Wasseimann leaction Laveian 
and MesniH^ believed that the rapidity of the removal of parasites 
depended on the number present, but noted that frequently the injec- 
tion of 0 5 cc of seium was more efifective than the admmistiation of 
twice this quantity Johnson,"- however, has been unable to demon- 
strate any such zone phenomenon in connection with the action of 
human serum The trypanocidal substance passes leadily through 
Berkefeld candles,-® although it is paitly lost by ultiafiltiation,®® the 
latter propel ty again diff ei entiatmg it fiom alexin The trypanocidal 
substance probably does not pass the placenta 

FORMATION OF THE TRYPANOCIDAL SUBSTANCE IN THE 

HUMAN BODY 

One of the early observations of Laveran and Mesnil was that 
while the serum of a human being exhibited marked trypanocidal powei , 
the pleural fluid, ascitic fluid and possibly even the blood plasma showed 
much less activity It was thought, therefoie, that the tiypanocidal 
substance emanated from the leukocytes and was fieed or sepaiated 
from them during blood coagulation Body fluids which possessed few 
leukocytes would, accordingly, be potentially poor in trypanocidal powei 
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Salmon/^ however, injected the leukocytes from two kinds of pus as 
well as an extract of a lymphatic gland without eliciting the trypa- 
nocidal action When he tried serous exudates, he found, in contrast 
to the results of Laveran and Mesnil,^^ marked trypanocidal effects 
Salmon decided, therefore, that the substance was a property of the 
blood fluid and not of any of the blood cells This has been confirmed 
by Rosenthal and Pf annenstiel and Schai lau Salmon and 
Regendanz have found cerebrospinal fluid inactive The urine has 
no trypanocidal power Rosenthal also has found emulsions of 
various organs inactive 

The Lwei as the Site of Foi motion of the Tiyfanocidal Substance — 
Several investigators have noted that in the serums of patients suffering 
from certain types of liver disorders the trypanocidal activity is sharpl}’- 
reduced Rosenthal and Rosenthal and Nossen concluded that 
the trypanocidal substance found in human serum is a product of the 
normally functioning healthy liver and is decreased m amount as certain 
pathologic conditions disturb this normal function A large amount of 
important work in connection with the diagnosis of livei disorders has 
resulted As the problem now stands, there is general agreement with 
Rosenthal that the trypanocidal substance is formed by the healthy liver 

Appeal ance of the Tiypanocidal Piopeity in Infants — It is lecog- 
nized that the serum of very young infants is less active in trypano- 
cidal power than is that of adults Neumark and Pogorschelsky 
believed the trypanocidal substance was absent m children up to the 
age of 3 weeks and gradually increased dining the first three months 
of life Levy,^®° however, has found the substance in a large percent- 
age of the serums of childien 3 weeks of age, some of whom unfortunately 
could not be considered to be in normal good health, and Nattan-Larner 
and Lepine have detected it even in the blood of a new-born infant 
Nattan-Larner and Lepine believed that the activity of the serum 
of very young children was not due to passage of the trypanocidal sub- 
stance through the placenta but to the precocious development of this 
substance in the young child Rosenthal and Kleeman and othei s 
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reported an increase in the trypanocidal powei of the serum of preg- 
nant women m the last part of the gestation period, and Neumann ‘- 
noted that the seiiun of pregnant women was powerfully trypanocidal 
directly after term Rosenthal and Kleeman obtained no eiadence 
for the transmission of the substance from the mother to the child 
during nursing since the milk lacked ti 3''panocidal activity 

The trypanocidal potency of the scium of children is subject to 
more marked fluctuation than is that of adults This has been explained 
by assuming the building up of a stoie of the substance in the fluids 
and tissues as the child becomes older Rosenthal and Nossen 
believe that the lack of the substance m very young childien is due to 
the incomplete functioning of the oigans of the young child 

A consideiable variation occurs m the tiypanocidal potency of the 
normal serums of healthy adult peisons “ Whether there is a lelation- 
ship between the concentration of this substance and the human blood 
groups IS not as yet indicated This point may deseive investigation 
since somewhat greater resistance to certain diseases has been repoited 
in persons of ceitam blood groups 

MODE OF ACTION OF THE TRYPANOCIDAL SUBSTANCE ON 

THE PARASITE 

The mode of action of the trypanocidal substance on trypanosomes 
is not well understood Some have felt that it behaves as an antibody, 
possibly requiring the presence of alexin for the manifestation of its 
activity Others believe the trypanocidal substance acts essentially as a 
chemotherapeutic agent, perhaps complemented by some element elabo- 
rated in the body of the animal m which the trypanocidal action takes 
place The development by Yorke and his co-workeis^° of a method 
for demonstrating the tiypanocidal effect of serum wholly in vitro has 
greatly facilitated study of the problem and has made possible the cor- 
rection of certain faults in theory which previously had been accepted 

The Tiypanocidal Substance as an Antibody — There is no reason 
to believe that the trypanocidal action is opsonic It was early recog- 
nized that phagocytosis of the living parasites was not stimulated as a 
result of administering human serum although leukocytes were observed 
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to engulf dead trypanosomes m the blood stream of a serum-treated 
mouse Rosenthal and Spitzer^® found the trypanocidal powei not 
reduced m aleukocytic animals — that is, animals treated with thonum-x 
to reduce the number of leukocytes There seems at present no reason 
to believe that either leukocytes or opsonms are of importance in the 
trypanocidal activity of human serum 

Considerable debate has occuned as to whether or not the mecha- 
nism of action of the tiypanocidal substance is the same as that of 
alexin and sensitizer Goebel insisted that serum acted neither pre- 
ventively noi curatively b}'' such a mechanism and believed that the loss 
of activity by heating, aging and treating the serum with alkali — which 
appealed to favoi the function of such a mechanism — could be explained 
otherwise than by inactivation of alexin Goebel obtained no fixation 
m vitro by trtpanosomes of any substance to which the serum owed its 
activity "With him, human serum digested at 37 C with trypanosomes 
retained its pieventive and curative properties, and the exposed para- 
sites likewise retained their infectivity Because of his failuie to efifect 
fixation of the trypanocidal substance to either trypanosomes or yeast 
cells (the lattei of which had been shown by von Dungern to fix 
alexin) and because of his inability to obtain reactivation with fresh 
guinea-pig serum, Goebel concluded that the trypanocidal activity was 
due to something in the serum other than alexin Recently, Rosenthal, 
in agreement with Goebel,®'’ found no fixation of alexin in vitro and 
considered the trypanocidal action unlike that of any of the usual serum 
antibodies, a point to which Adams" also agieed Apparently the reac- 
tion between normal human serum and susceptible tiypanosomes is 
unlike that occuning between an extract of tiypanosomes and the serum 
of a recovered oi an infected animal, because fixation occurs in the 
latter case Indeed, the test for alexin fixation has had consideiable 
use in the diagnosis of tr 3 '-panosome infection among animals °° as well 
as in the classification of the trypanosomes Further more, complement- 
fixing antibodies of lather limited specificity can be demonstrated in the 
serum of guinea-pigs eithei after injection of dead tr 3 ^panosomes oi 
after infection with the paiasites 

The Tiypanocidal Substance as a Chcmofhei apeutic Agent — The 
Exhaustion Phenomenon — Rosenthal recentlj'- has concluded that the 
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mode of action of human serum on trypanosomes is analogous to that 
of a true chemotherapeutic substance Since he was unable to demon- 
strate any tiypanocidal action in vitro he concluded that human serum 
was not Itself trypanocidal but was rather trypanocidogenic He thought 
the trypanocidogenic substance of human serum was transformed by 
ferments of the blood into the essential trypanocidal material in a 
manner somewhat analogous to the supposed mode of action of the 
trypanocidal chemical atoxyl Atoxyl, in its usual form, is not lethal 
for trypanosomes m vitro, but after injection into the animal it is, in 
some fashion, transformed into an active product Ehrlich consid- 
ered that a reduction of the chemical occuired m the animal body, and 
substances have been demonstrated in the blood and liver cells 
which are capable of eftectmg such a change of atoxyl in the test tube 

In an effort to demonstrate ferments which might be responsible 
for the transformation of the tr} panocidogenic substances of human 
serum into the essential tiypanocidal material, Rosenthal and Spitzer"*^ 
blocked the reticulo-endothehal system with india ink and removed the 
spleen of infected rats prior to injection of human serum Either pro- 
cedure decreased the effectiveness of the injected serum When the 
reticulo-endothehal system was blocked and splenectomy was done piior 
to the injection of the seiuni, very little trypanocidal efiect was obseived 
This appeared to round out well the theory of Rosenthal to explain 
the mode of action of human serum Briefly, then, according to Rosen- 
thal, human serum seems to contain tiypanocidogenic materials which 
are transformed into trypanocidal substances by ferments arising from 
or contained in the reticulo-endothehal system of the treated animal 
The final loss of effectivity of the human seium in mice repeatedly 
treated with this substance Rosenthal and Freund would explain by 
the exhaustion from the reticulo-endothehal system of the ferments 
necessary for this conversion As yet, however, Rosenthal has not been 
able to demonstrate the existence of substances which can modify the 
human serum in vitro in a manner analogous to that seen with atoxyl 

Recently, however. Handler’s work has thrown some question on 
the mechanism of the trj-panocidal action as advanced by Rosenthal 
He has been able to produce “exhaustion” with a human serum which 
had been heated at 64 C for an hour in older to destroy its efficacy 
as a trj'panocide Handlei explains the loss of effectiveness of human 
seium in animals which have been repeatedly treated with the substance 
on the basis of specific antibody production This he has been able to 
show rather conclusively by injecting an antihuman seium from the 
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rabbit into trypanosome-infected mice simultaneously with an active 
trypanocidal human serum When a considerable amount of a potent 
antiserum is employed, the trypanocidal activity of the human serum 
can thus be wholly oveicome Zimmeimann°° also has opposed the 
exhaustion theory since by increasing the amount of human serum 
injected into an “exhausted” animal — theieby perhaps supplying suffi- 
cient antigenic material to neutiahze the conespondmg antibody present 
in the mouse circulation — trypanocidal effects could be elicited 

One of the important points on which the “exhaustion theor}” of 
Rosenthal was based was his belief that human serum was without 
activity in vitro Recent work, howevei, has shown conclusively that 
no support can be given the exhaustion theoiy from this quarter 
Following the eailiei work of Schein,“" Terij’-®® and others, Yorke, 
Adams and Muigatioyd peifected a method foi maintaining patho- 
genic trypanosomes alive quantitative!} in vitro at 37 C for twenty- 
four hours In contrast to the earliei workers, they found that human 
serum is highly tiypanocidal in vitro, dilutions as gieat as fiom 1 5 000 
to 1 25,000 often being active against a stiain of T equiperdum as 
well as against an old stiain of T ihodesiense which they employed 
Appaiently, there exists no essential difference between the mode of 
action of the human serum in vitro and in vivo, and the hypothesis 
of specific feiments for modifying the human serum after its injection 
into an animal is gioundless As with the tests m the animal body, 
no action of human seium on T gambiense is demonstrated in vitro, 
and serums from persons sufteimg fiom certain pathologic processes 
(amebic abscess of the liver and obstructive jaundice) show little or 
no trypanocidal power by the in wtro test The same woikers have 
made the inteiesting observation that the normal serums of ceitain 
sheep and goats are naturally anti tiypanocidal since often a trypano- 
cidal human serum becomes wholly inactive, as determined by the m 
vitro test, after being mixed with a small amount of the serum of a 
given sheep or goat 

Prior to this publication by Yoike and his group on in vitro action 
of human seium, the only statement of the successful use of human 
serum m vitro was that by Saito in 1927 Laveraii and Mesnil,^'^ 
Goebel and Rosenthal had failed to obtain the trypanocidal effect 
outside the animal body Since the publication by Yorke and his group, 
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numerous workeis in different laboratories have reported positive 
results in in vitro tests and, although the test requires extremely deli- 
cate adjustment and tedious attention to details, theie remains no ques- 
tion of the success of the method Adams has noted not only with 
human serum but with the serums of different mammals, birds and 
reptiles an in vitro trypanocidal effect on the gut and salivary gland 
forms of T gambiense lecovered from laboratory-infected tsetse flies 

Sei uvi-Fast SiJams of Tiypanosomes — As was stated in a fore- 
going paragiaph, when a trypanosome-mfected mouse has been treated 
repeatedly with human serum, the tiypanosomes liecome fast or resistant 
to the human serum In mice the parasites finally wull resist as much 
as 2 cc of fresh human serum The fastness acquired by the 
trypanosomes is apparently relatively permanent since the resistant 
character is retained by the paiasites even after passage through the 
insect vector In this respect, seium-fastness resembles the resistance 
which can be developed in trj panosoines against certain dings ““ After 
repeated passage of the tiypanosomes through normal animals, the 
acquired serum-fastness is gradually lost Foi example, three races 
of T Brucei which had become resistant to 2 cc of the serum of either 
the baboon or man lost their refiactory state aftei fiom two to fifteen 
passages through animals It has been feared by some that serum- 
fast strains might piove infective foi laboratory workeis, and one case 
of what appears to have been a laboratory infection with T Evansi 
has been recorded Nevertheless, Collier inoculated himself, then 
foui other persons, wnth a serum-fast strain of T Brucei but obtained 
infection in no instance Likewise, Mesnil and Leboeuf found that 
a baboon remained completely resistant to a strain of trypanosomes 
which was made fast to baboon serum 

Neither the “exhaustion” hypothesis of Rosenthal and Freund 
nor the antibody production per se suggested by Handler explains 
fully the mechanism of serum-fastness It appears that the parasites 
themselves become biologically altered, particularly since the character 
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of fastness persists during passage thiough successive vertebrate or 
invertebrate hosts Evidence of similar fastness to specific seium anti- 
bodies has been presented by Massaglia in experimental trypanosome 
infections of guinea-pigs, as well as by Novy and Knapp in experi- 
mental infections with the spirochete of relapsing fever m rats 

RELATIONSHIP BETWEEN THE TRYPANOCIDAL ACTION OF HUMAN 
SERUM AND MAN’s SUSCEPTIBILITY TO INFECTION 
BY TRYPANOSOMES 

It was believed by the earl} woikeis that the natural immunity of 
man to the trypanosomes pathogenic for animals was related to the 
tiypanocidal power of human seium"- Similarly, the natural iminunit} 
of the baboon to infection with all species of tiypanosomes, including 
those infective for man, was explained as being due to the trypanocidal 
substances of the baboon serum ““ Rosenthal,’’’- on the other hand 
believing the normal serum itself not to be trypanocidal but rather 
after injection to gi\e use by metabolic digestion m the mouse to tijpa- 
nocidal substances, considered man’s immunity due to some othei agenc} 
The older point of view has been championed anew by Yorke and his 
co-workeis largely on the basis of lesults ivith their m Mtro technic 

In support of his teleologic point of view Yorke °° has ofleied an 
interesting hypothesis concerning the lelationship of the human trjpa- 
nosomes to the tiypanosome of nagana, T Biucei He has suggested, 
as did others before him,^® that the human foims aie modifications of 
T Brucei and has postulated that if man suffeis with some hepatic 
dysfunction or exists for a time on a diet deficient m essential accessoi} 
factors, he may become susceptible to infection wuth T Biucei because 
the tiypanocidal property disappeais from his blood Once established 
in such a person, the parasite may be successfully transferied to new 
human hosts by the natural r^ector, the tsetse fly If the fly is of the 
species Glossina palpahs, the trypanosome becomes modified somewhat 
further than if the vector is of the species Glossina moisitans, since 
the former abounds near the dwellings of man and effects more fre- 
quent human passage of the parasite A trypanosome wdnch represents 
greater modification from the animal parasite T Biucei is believed br 
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Yorke to be T gambiense, commonly bpiead by G palpalis, the human 
pathogen of lessei modification, T ihodesiense, is spread by G morsitans, 
which is also the vector of T Biucei Such a hypothesis seems to 
receive some substantiation fiom the chaiactei of T rhodesiense, already 
referied to namely, its greatei susceptibilit}' , in comparison with T 
gambiense, to the action of human serum after lepeated passage through 
laboratory animals Yet there are significant expeiiments which have 
led to conclusions which oppose the point of mow that the tiypanocidal 
activity of serum is lesponsible foi man’s immunity against the animal 
trypanosomes The seium of patients suffering with tiypanosomiasis 
IS as active on the trypanosomes pathogenic foi lats as is that of normal 
pel sons “ Some strains of guinea-pigs and white rats have been found 
resistant to T Biucei despite the absence of tiypanocidal substances 
from their blood A strain of T rhodesiense which was tendered 
susceptible to human serum b) repeated passage through laboratoiy 
animals was shown to retain its mfectivity foi man and, conveisely 
a strain of T Biucei which was lendered seium-fast by lepeated 
exposure to human seium was found unable to infect man Finally, 
because of the widespiead distiibution of the seium-iesistant trypano- 
some, T Lewisid'’ among uild rats and its natuial spread by means 
of the rat flea (Ceratophyllus fasciatus), which is knowm to cany cet- 
tain infectious agents (e g , Pasteurella pestis and the plague bacillus) 
from the lat to man, the potential incidence of human infection with 
this rat paiasite would seem to be considerable However, despite its 
lesistance to human serum, T Lewnsi is appaiently not infective for 
man, since only a single authentic case of human infection ivith the 
parasite had been repoited up to 1933 Because of the reasons given 
I am inclined to agree with Adams that the immunity of man to the 
trypanosomes pathogenic toi animals depends on other factors in addi- 
tion to the trypanocidal actnit}^ of the seium 

RELATIONSHIP OF THE AMOUNT OF THE TRYPANOCIDAL SUBSTANCE 
IN HUMAN SERUM TO HUMAN DISEASE 

Although the trypanocidal titer of normal human seium vanes con- 
siderably, marked reduction or complete loss of tiypanocidal acti-vit> 
accompanies certain diseases In 1907, Ehrlich noticed that a dis- 
turbance of the liver led to a decrease in the amount of the trypano- 
cidal substance of human serum, and Laveran and Nattan-Lariier,®“ 
in a few trials, reported that variations from the normal strength of 

74 Mesnil and Rmgenbacli Corson Laveran 

75 Corson, J F J Trop Med 36 53, 1933 

76 Johnson, P D Tr Roy Soc Trop Med & Hyg 26 467, 1933 

77 Adams, A R D Ann Trop Med 27 309, 1933 
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the substance occurred m the serums of persons suffering from tuber- 
culosis or syphilis Beginning with the work of Rosenthal and Klee- 
man in 1915, numerous investigations of the effects of various 
diseases on the amount of trypanocidal substance in the serum have 
been earned out Some workers have repoited a decrease in the trypa- 
nocidal potency of the serum in infectious processes, particularly when 
accompanied by fever,^® usually with a return to normal on recovery,"® 
but others have failed to note such modifications A sharp reduction 
in serum taken at the time of paroxysm from patients with dementia 
paralytica who were aitificially infected with malaria has been reported,®^ 
although the serums of similar patients not so treated are said to be 
particularly active in trypanocidal power ®' 

A serious difficulty in the interpretation of the results of the various 
workers is caused by the fact that often sufficient care has not been 
taken to test all sei urns under entirely comparable circumstances It has 
been shown recently, for example, by Lester and by Handler that 
the potency of serums falls rapidlj'^ in the first few days after bleeding 
In comparative titiations, therefore, the interval between taking and 
testing the serum sample must be standardized It is all too obvious 
in some cases that this necessary precaution has not been observed 

Lwei Disoideis — It appears well established that parenchymal 
injury to the hvei tissue causes a decrease m the amount of trypano- 
cidal substance Munter believed the extent of injury to the liver 
was quantitatively correlated with the reduction m the amount of 
trypanocidal substance According to Platan,®®’’ circumscribed infection 
of the liver had no effect on the amount of the substance, and hepatic 
processes going on without icterus affected the amount of the trypa- 
nocidal substance only neai then terminal stages There is general 
agreement that the cure of the disorder leads to the prompt return 
of the trypanocidal power®® Rosenthal and Nossen ®® weie able to 
differentiate, by the trypanocidal serum test, catarrhal icteius, which 

78 Neumark, E , and Pogorschelsky, H Ztschr f Kinderh 40 535, 1926 

79 Barlowi, cited 63 ^ Peutz 

80 Leichtentntt, B Ztschr f d ges exper Med 29 658, 1922 

81 Jaffe, R H , and Brown, S Proc Soc Exper Biol & Med 19 658, 
1922 

82 Plant Ztschr f d ges Neurol u Psichiat 101 512, 1926 

83 Lester, H M O Ann Trop Med 27 361, 1933 

84 (a) Ehrlich, P Beitrage zur Pathologic und Chemotherapie, Leipzig, 

A Pries, 1909 (&) Peutz, L A Nederl tijdschr v geneesk 66 1544, 1922 

(c) Munter, F Klin Wchnschr 4 1967, 1925 Rosenthal and Krueger 
Rosenthal and Freund Ehrlich Platan Rosenthal and Kleeman 
Eufinger et al Rosenthal Yorke et al 
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eliminated the trypanocidal power, from hemolytic icterus, which caused 
no loss of the substance Yorke and his co-woikers demonstrated 
in vitro the loss of trypanocidal power m persons with amebic abscess 
of the liver and obstiuctive jaundice Ziess observed that icteric 
human seium is reactivated by an addition of normal human serum 
and suggested that the injection of normal human serum might be 
of help m cases of icterus Support foi the suggestion is as yet not 
available 

Tube) ailosis — Laveran and Nattan-Lari ler found that serum 
from tuberculous patients in amounts of 1 cc inoculated mtraperito- 
neally with the infective dose of trypanosomes delayed the death of 
mice 111 two cases till the eleventh and the fourteenth days, respectively, 
whereas the untreated control animal died on the fifth day after inocu- 
lation It seems unlikely from this that the trypanocidal power is sig- 
nificantly reduced m infections with the tubeicle bacillus since normal 
seiuin inoculated m a similar amount often will inhibit infection for 
no longer period Yet Laveran’s conclusions are in agieement with the 
later work of Mignoli,®' who noted further that the serum of tuber- 
culous persons m progressive stages of recovery manifested inci easing 
trypanocidal activity The serums of two patients with Hodgkin’s 
disease, which by some is believed caused by the avian form of the 
tubercle bacillus, showed no less activity against T Brucei than did 
normal serum®® 

Syphilis — The results obtained with the serums of syphilitic patients 
are especially confusing since there is no consistent evidence of a 
marked alteration m the trypanocidal power one way or another as the 
result of syphilitic infection Laveran and Nattan-Larriei,'’'^ using a 
mixture of trypanosomes and 1 cc of human serum fiom a syphilitic 
patient, obtained no evidence of infection in a mouse sixteen days after 
inoculation, whereas the control mouse not given serum was dead seven 
days after the inoculation Recently, Adams " was able to effect com- 
plete cure in one instance, a result duplicated by him with no other 
human seium The same author has found that the serum of a syphi- 
litic patient infected also with malaria letarded the appearance of the 
parasites only four days , i e , the serum apparently had lost practi- 
cally all Its trypanocidal powei (cf Jaffe and Brown ®^) The trypa- 
nocidal substance is said to appear precociously in congenitally syphilitic 
infants ®® 

Human Ti ypanosomiasis — The effect of trypanosomiasis on the 
strength of the trypanocidal substance is of importance with respect 
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to the significance of the substance in the piotection of man Some 
workers have reported that both dmmg and after recovery from trypa- 
nosomiasis the serum of patients exhibits no trypanocidal action 
Recently, however, Corson in tests on a strain of T rhodesiense 
which had been passed repeatedly through mice obtained about as con- 
sistent action with the seiums of patients infected with trypanosomes 
as with the serums of noimal persons If Corson’s obseivations are 
confirmed, it follows that the tiypanocidal substance of the serum alone 
IS insufficient to account foi man’s immunit}'’ to the animal trypano- 
somes 

Peimcwus Anemia — Frequently in cases of pernicious anemia the 
trypanocidal substance is reduced in amount Rosenthal believed 
this reduction due to some secondary involvement related perhaps to 
impairment of normal hepatic function When the condition of the 
blood becomes noimal, the trypanocidal substance also returns to its 
normal potency 

Hemophilia — Considerable variation in results occuis in woik with 
the serum of hemophilic peisons Opitz and Zweig°® found that the 
serums of both hemophilic children and their mothers weie deficient 
in the trypanocidal material Leichtentritt also observed that hemo- 
philic persons showed such a deficiency Later, Leichtentritt and Opitz, 
m a study on the serums of the members of a hemophilic family, found 
that of eight manifest bleeders the serums of seven showed no trypa- 
nocidal activity and that the seiums of eighteen of nineteen nonbleeding 
male and female relatives likewise had no effect on infected mice 
In direct contrast to these findings, however, is the work of Weiner 
and Hartman,®® who found that neither the plasma noi the serum of 
hemophilic persons or of their mothers and fatheis was deficient in 
trypanocidal activity Leder,®* m a later study, i epoi ted that the sei urns 
of manifestly hemophilic persons were without trypanocidal powei, 
whereas the serums of carriers v'^ere noimal Leder ®* believed, how- 
ever, that a means of diagnosing the carrier condition might be woiked 
out through the test foi trypanocidal substance The relation of hemo- 
philia to the presence of trypanocidal substance is woithy of moie 
investigation, since a means of diagnosing the carrier condition would 
have practical application 

89 Rosenthal, F Klin Wchnschr 8 1436, 1929 Freund and Gassman 
Rosenthal 
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Food Deficiency Diseases — In 1922, Leichtentntt and Zielaskowski 
observed that the serums of children suffering from Barlow’s disease 
and from other diseases attributable to deficiencies m accessory food 
factors exhibited a loss of the trypanocidal substances Giunmandl 

and Leichtentntt*® since have found that the seiums of children 
suffering from scurvy, rickets and other avitaminoses were without 
trypanocidal powei When the cause of the disease was eliminated by 
supplying the material which the diet lacked, the tr) panocidal substance 
reappeared m the circulation Young children appeal especially suited 
to the study of the effect of particular diseases, especially the avi- 
taminoses, on the trypanocidal powei of the serum since childien, in 
contrast with adults, have but little reseive store of the ti> panocidal 
material 

In an effort to i elate the tr} panocidal substance with a specific factor 
of the diet, Jungeblut and I have tested ciystalline vitamin C, oi cevi- 
tamic acid, for trypanocidal activity, this substance having previously 
been shown by Jungeblut and Zwemer to ha\e the powei to neutralize 
diphtheria toxin as well as the virus of poliomyelitis The substance 
was, however, wnthout tiypanocidal activity undei the conditions tested 
(5 mg of cevitamic acid injected intravenously or 10 mg intiapentone- 
ally into mice for three days before infection and on each day during 
infection until death) The experimental mice and the control mice died 
after the same average number of days 

Chmcal Use of the Test foi the Piesence of Tiypanocidal Substance 
— Munter®^° believed that the degree of reduction of the tiypanocidal 
substance m the serum so closely paralleled the extent of injury to the 
liver that measurement of this activity carried diagnostic and prognostic 
significance Munch,®*' however, while believing the phenomenon should 
not be dispensed with, felt the method could hardly be used as a standard 
for the diagnosis of liver dysfunction He pointed out that con- 
siderable variation occurred both in the action of normal human serums 
on a given strain of trypanosomes and in the resistance which different 
strains of trypanosomes manifested to a given human serum Further 
Munch considered that a delay of from eight to fourteen days m per- 
forming the test permitted no general adoption of the method He 
pointed out that methods already m use were either preferable to the 
test for trypanocidal substance or were at least as satisfactoiy for clinical 
purposes 

95 Leichtentntt, B , and Zielaskowski, M Jahrb f Kinderh 98 310, 1922 
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Certainly the objections of Munch*’" were well taken In view of 
the apparently diverse diseases Avhich affect the amount of trypanocidal 
substance, it seems likely the method cannot be generally adopted unless 
it is much further simplified Yet work already reported by Rosenthal 
and his cowvorkers, Leichtentritt and his group, Mignoli and Yorke 
suggests that further investigations of possible clinical applications of 
the test for trypanocidal substance are indicated Leichtentiitt and 
Zielaskowski suggested that, by aid of tbe trypanocidal serum test, a 
better undei standing of the classification of diseases as well as some- 
thing of the etiolog)'^ of diseases the causes of wdnch are obscure might 
be obtained 

RELATIONSHIP OF THE TRYPANOCIDAL SUBSTANCE TO THE BACTERI- 
CIDAL AND THE VIRUCIDAL PROPERTIES OF HUMAN SERUM 

Noimal human serum exhibits a destiuctive action on many micro- 
agents of disease This action w^as first noted with respect to bacteiia 
and later wuth respect to trypanosomes In lecent years, the normal 
human seium has been shown to possess the powei to neutralize several 
of the filtrable viruses which attack man, particularl}'^ those of polio- 
myelitis and herpes It seems not impossible that the agent respon- 
sible for this property of the seium is a single entity wnth the ability 
to manifest its action on a broad diversity of infectious agents If this 
IS true, exposure to the specific agent, as suggested by Aycock^“° and 
Aycock and Kramer,^*”- appears unnecessary for the development of 
the neutralizing substance in the serum Aycock has suggested that the 
immunity of adults and oldei children to poliomyelitis is built up by 
the same mechanism as that wudel}'^ accepted m regard to diphtheria, 
namely, by exposuie to a wadespread or even ubiquitous disease agent 
and by subclinical oi aboited attacks of the disease Aycock’s view has 
been substantiated b)^ numerous ivorkei s Similar immunization to 
trypanosomes by subclinical or unrecognized attacks seems almost impos- 
sible, yet the trypanocidal substance is present universally in the blood 
of healthy peisons Moreover, it increases in frequency with advance of 
age and is present in A^arious quantities m the seiums of different per- 
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sons H a single substance is lesponsible for all of these destructive 
effects, the immunization theoiy alone is insufficient to explain its pres- 
ence in the blood of man 

Some evidence for the nonspecificity of the “antisubstance” in serum 
has appeared in the hteiatuie Goidon and his co-workers,^°® in an 
extensive senes of papeis, which support an eailiei point of view of 
Muir and Browning on the bacteiicidal activity of blood, have con- 
sidered that the bactei icidal antibody is a nonspecific substance Differ- 
ences in the effect of seium on various species of bactei la aie thought 
related not to the presence of an antibody for one and the absence of 
an antibody for anothei, but to the relative susceptibility of the several 
species of bactei la to the single nonspecific antibody of the serum The 
woik of Mackie and Fmkelstein,^°® on the other hand, indicates that the 
bactericidal antibody is specific foi the particulai oiganism acted on 
In an effort to explain the results of Gordon, Finkelstein has postu- 
lated the existence of a nonspecific factoi m suspensions of heated bac- 
terial cultures which inhibits the bactericidal activity of serum and which 
obscures the specific natuie of the absorption of bactericidal substance 
by bacterial antigens 

Weyer has attempted to show that a single “pan-immune body” m 
noimal human serum neutralizes the two viruses poliomyelitis and 
herpes The woik of others, however, chiefly Gay and Holden,^®® indi- 
cates no correlation between the neutralizing antibodies against these 
two disease agents 

Strong and I®® have attempted to relate the tiypanocidal with the 
bactericidal substances of human serum We found it possible to 
remove the trypanocidal property simultaneously with the bacteiicidal 
activity by absorption of a serum with a mass of bactei la or, less satis- 
factorily, with a mass of trypanosomes In a test on a single serum 
supplied by me, from which both the bactericidal and trypanocidal sub- 
stances had been absorbed, Jungeblut noted, however, that the polio- 
cidal power was not significantly reduced Similarly, according to the 
results of preliminary tests by Strong, such absorption fails to remove 
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the activity of the seium against the virus of herpes This seems to 
indicate that the tiypanocidal substance is more closely related to the 
bacteiicidal than to the virucidal substances 

A different relationship, quite as deserving of consideration, but 
especially difficult to explain on the basis of specific immunisation, can 
also be pointed out The trypanocidal and viiucidal activities are 
exhibited almost exclusively by the seium of man, whereas the bacteri- 
cidal piopert} IS manifested by the blood of many species of animals 
It IS generall}^ stated that the serums of maity normal adults fail to 
show activity against the viiuses of heipes or poliomyelitis, while the 
trypanocidal substance is always present in healthy persons after the 
first few months of life However, these differences are probably only 
quantitative the failure to find some tiace of virucidal activity in 
so-called negative seiums being due to insufficient delicacy of the means 
of testing From this point of view, the tr3'^panocidal activity seems 
more closel}'- i elated nith the virucidal than with the bactericidal activity 
of the serum 

Because of the confusion in which these paiallelisms and contrasts 
remain, it is impossible as yet to draw conclusions on the identity or 
difference betv een that substance responsible for the trypanocidal activity 
of human seium and those responsible for the bactericidal and viiucidal 
actions The question is ceitainly one of fundamental significance in 
immunology, but its solution must await the fruits of the extended 
investigation vhich suiely the future will bung 

SUMMARY 

The normal seium of man will destioy the tr}'panosomes pathogenic 
for animals (e g, T Brucei, T equiperdum, T equinum, etc) either 
in the test tube or in the body of rodents infected with these paiasites 
Human seium does not affect the tiypanosomes pathogenic for man (T 
gambiense, T rhodesiense oi T Cruzi), the common tiypanosome of 
rats (T Lewisi) or a tr3’^panosome of newts (T diem3'^ctyli) One of 
the human tiypanosomes, T ihodesiense, is distinctive in that it becomes 
susceptible to the action of human serum after it has been passed suc- 
cessivety through mice The serum of no other animals, excepting cer- 
tain monkeys, manifests trypanocidal activity The serum of some 
monkeys, howevei, e g , that of the baboon, destroys not onl3'^ the tiypa- 
nosomes pathogenic foi the lowei animals but, as well, those infective 
for man 

The tr3^panocidal substance of human serum is found in the globulin 
fraction of the seium It is thermolabile, being destroyed wholly when 
the serum is heated at 64 C for an hour, and being reduced rapidly 
when the serum is let stand at room temperature The tr3'^panocidaI 
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substance passes readily through Beikefeld filters and with diminished 
intensity thiough collodion ultrafilters It is removed from a serum by 
absorption with trypanosomes oi bacteiia (the typhoid bacillus , Proteus) 
The substance exhibits its activity independently of all the known com- 
ponents of alexin The essential substance m the human serum which 
brings about the trypanocidal effect is antigenic, and a specific anti- 
trypanocidal antibody develops m rabbits repeatedly treated with an 
active serum 

The trypanocidal substance probably originates in the normally 
functioning healthy liver It is found m the blood seium and in serous 
exudates The cerebrospinal fluid and the uiine are without trypano- 
cidal powei The substance appears in infants at a \eiy early age and 
may be piesent at biith It is probably elaborated within the body of 
the young child, since it is found neither to pass the placenta nor to 
occur in human milk The trypanocidal power is enhanced in women 
late in the period of gestation and is maintained at a high level for some 
time after delivery 

It seems unlikely that the action of the trypanocidal substance is 
that of an 'Opsonin or an agglutinin, and the pioperty is manifested 
wholly without the intervention of alexin Some investigators have 
felt it acts essentially as a chemotherapeutic substance Susceptible 
strains of tr^-panosomes become resistant or fast to human serum after 
repeated exposure to the serum in a mannei comparable to that in which 
they become resistant or fast to drugs 

Since human serum affects only those species of trypanosomes which 
are pathogenic for animals and which are nomnfective for man, and is 
without effect on the trypanosomes which are infective for man, it is 
by some believed that the trypanocidal action of the serum is responsible 
for man’s immunity to the animal pathogens It is known, however, 
that strains of animal trypanosomes which have been rendered serum- 
fast still are nomnfective for man, and that strains of human trypano- 
somes (T rhodesiense) which become susceptible to human serum aftei 
repeated passage through animals retain their mfectivity for man 
Furthermore, the serum-resistant parasite T Lewisi, which is wide- 
spread among rats, is apparently unable to infect man The serum of 
patients with trypanosomiasis is as active in trypanocidal powei as that 
of normal persons It appears, therefore, that the immunity of man 
to the animal trypanosomes depends on factors other than the trypano- 
cidal activity of the serum 

The ti3^panocidal activity of human seium is sharply reduced in dis- 
eases which cause extensive destruction of the parenchyma of the liver 
Less conclusive evidence of alteration m the potency of the substance 
has been offered in other infectious diseases (eg, tuberculosis and 
syphilis) and in those attributable to deficiencies m accessory food fac- 
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tors No significant reduction is observed in human trypanosomiasis 
It seems possible, from the observations of some workers, that the 
carrier condition in hemophilia can be identified b}'’ the absence of the 
trypanocidal substance from the seium 

It appears not unlikely that tiypanosomes are but one form of 
infectious agent on which a single destiuctive entity m human serum 
acts The fact that both the tr3'panocidal and bacteiicidal substances 
are removed from the seium by absoiption with eithei tiypanosomes or 
bacteria points toward a close similaiity between the trypanocidal and 
bactericidal powers The tiypanocidal activity, however, differs from 
the bactericidal piopeity and lesembles the viius-neutializmg function 
of human seium in being limited to the seium of man and a few closeh 
related piimates and in occurring without the piesence of alexin If 
fuither study indicates that these effects are all manifestations of a 
single entity of the serum or, wdiat seems more likely, that they arise in 
analogous manneis, suppoit for the assumption that these “antisub- 
stances” arise b}'' immunization thiough contact wnth the specific antigen 
IS difficult to maintain, since at no time in life does the aveiage person 
suffer subchnical or abortive infection wnth trypanosomes *■ 
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University News, Promotions, Resignations, Appointments Deaths, etc 
— George B McGrath, medical evaninier of Suffolk County (Boston) since 
1907 and professor of legal medicine in the Harvard University Medical School 
since 1931, has resigned because of ill health He will be succeeded as examiner 
by William J Bnckley, associate examiner 

Edwin Raymond LeCount, professor of pathologj' and chairman of the depart- 
ment of pathology at Rush ^ledical College, died on Aug 23, 1935, at the age of 67 
Max Pinner, Desert Sanatorium, Tucson, Anz , has been appointed principal 
diagnostic pathologist to the hospitals for tuberculosis of the state department of 
health. New York 

Gustav Hauser, professor emeritus of general pathology and morbid anatomy 
in the University of Erlangen, has died at the age of 79 

Bela Halpert, assistant professor of pathology and surgery in Yale University, 
has been appointed head of the division of pathology and associate director of 
laboratories in the Jewish Hospital of Brooklyn 

John I Fanz, professor of pathology in Temple University, has died at the 
age of 44 

Neil McLeod, instructor of pathology in the University of Pennsylvania, has 
died of injuries received in an automobile accident 

Lydia Rabinovitch Kemper, who was the only woman co-worker of Koch and 
for many years director of the bacteriologic institute of the Moabite (now Koch) 
Hospital, Berlin, died on August 5 at the age of 64 She was instructor in 
bacteriology in the Woman’s Medical College in Philadelphia in 1896-1899 
Alexander C Abbott, professor emeritus of hygiene and bacteriology m the 
University of Pennsylvania, has died at the age of 75 

Charles Norris, chief medical examiner of New York City since 1918, died 
on Sept 11, 1935, at the age of 67 

Awards — The Sedgwick Memorial Medal of the American Public Health 
Association has been awarded to Haven Emerson, professor of public health admin- 
istration in Columbia University 

The medical faculty of the University of Bern, Switzerland, has awarded a 
prize of 1,000 Swiss francs to Leslie T Webster, of the Rockefeller Institute for 
Medical Research, for his investigations in the field of encephalitis 

Fund for the Study of Dementia Praecox — ^According to Science a fund 
of $40,000 has been donated by the Supreme Council, Scottish Rite Masons, for the 
study of dementia praecox The research program will be under the direction of 
the National Committee for Mental Hygiene, New York City The field repre- 
sentative IS Nolan D C Lewis, formerly director of laboratories of St Elizabeth's 
Hospital, Washington, D C , now director of clinical pathologic research of the 
Neurological Institute and professor of neuropathology in Columbia University 
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Experimental Pathology and Pathologic Physiology 

Expekimental Production of Ank\lopoietic Arthritis K SoN^E^BERG, 
Virchows Arch f path Anat 293 724, 1934 

By repeatedly injecting horse serum into knee joints of rabbits sensitized to 
the serum Klinge had been able to produce arthritis deformans The object of 
Sonnenberg’s work was to determine whether a similar procedure would lead to 
ankylosing arthritis if the joint was completely immobilized In each of a series 
of rabbits a knee joint was immobilized by a surgical procedure After recoverv 
each animal was sensitized by a single injection of 4 cc of horse serum Six 
weeks later a series of from four to six injections of from 1 to 2 cc of the 
sensitizing serum directly into the immobilized joint was begun The injections 
were spaced at intervals of from eight to fourteen days The animals were killed 
at varying intervals and the joints examined histologically The local allergic 
reaction led to inflammatory union of the synovia with the joint cartilages 
Ultimately there resulted fibrous and cartilaginous ankylosis of the joint From 
his own and Klinge’s work Sonnenberg concludes that allergic inflammation of a 
mobile hyperergic joint leads to arthritis deformans, that similar inflammation of 
a completely immobilized joint leads to ankylopoietic arthritis, that allergic inflam- 
mation of an incompletely immobilized joint leads to a combination of arthritis 
deformans and ankylopoietic arthritis, and that immobilization without inflammation 
never leads to anlcylosis q -p Schultz 


Physiology and Pathology of the Circulation A Bier, Virchows Arch f 
path Anat 293 738, 1934 

This IS a fifty-six page continuation of an article the first part of which appeared 
m volume 291 of Vv chows Aichw By numerous clinical observations and bv 
discussion of them Bier seeks to establish the correctness of his attraction theorj 
of the circulation He considers the hemodynamics of the circulatory system 
inadequate to explain the observations cited An important factor m the main- 
tenance or the reestablishment of local circulation is the need or “hunger” of 
tissues and organs for fresh blood, required by nutrition and function and for 
the removal of waste products By participation of small vessels and capillaries 
blood IS drawn into the tissue by suction in a quantity greater than can be explained 

by the circulatory mechanics of the heart and large vessels „ „ „ 

O T Schultz 

Erythrocontes and Erythropoiesis in Pernicious Anemia and in the Embrto 
F Zanaty, ATrchows Arch f path Anat 293 794, 1934 

In 1928 Schilling applied the term “erythrocontes” to minute rodlike bodies seen 
in the polychromatic megalo-erythrocytes of pernicious anemia He at first believed 
these bodies to be parasites belonging to the bartonella group More recently he 
has held that they are probably derived from the constituents of polychromatic 
megalocytes In an attempt to determine the nature of erythrocontes and their 
possible specific relationship to pernicious anemia, Zanaty examined the bone 
marrow and spleen of persons dying of diseases other than blood dyscrasias and 
the blood of human embryos of the third to the ninth month, the latter because a 
macrocytic state of the blood is physiologic in the embryo Erythrocontes were 
not seen in any of the material studied, and Zanaty therefore concludes that thej 
have no relationship to the polychromatophilia of either normocytic or macrocytic 
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blood The failure to discover basophilic stippling of fetal erythrocytes is proof 
of a fundamental difference between the polychromatophilia of fetal and that of 
postfetal blood He does not accept the view that pernicious anemia is characterized 
by a return to a fetal type of erythropoiesis The inegaloblasts of pernicious 
anemia are morphologically different from those of fetal blood Zanaty does not 
accept Naegeh’s view that megaloblasts and macroblasts are distinct types of 
cells, but holds that they are a Single type of cell q 'p SchLiLTZ 


Pathologic Anatomy 

Tuberous Sclerosis with Unusual Lesions of the Bones Jacques S 
Gottlieb and George R Lavine, Arch Neurol & Psjchiat 33 379, 1935 

Clinically tuberous sclerosis is characterized by adenoma sebaceum, comulsive 
seizures and mental deficiency Any member of the triad may be absent, and 
there are always neoplasms in some viscera (kidneys, spleen, retina, lungs) In 
the present case, that of a woman aged 23, mental symptoms were present — the 
patient was noisy and destructive There was a previous historv of epilepsj and 
idiocy At birth, a reddish-brown patch was present on the right side of the 
neck This gradually grew larger, and m addition raised white patches and 
“reddened nodules” appeared on the face (adenoma sebaceum) Tumors in the 
retina (phakomas) and spina bifida of the sacrum were also found One of the 
retinal tumors exhibited at its periphery numerous fine capillaries dipping into 
Its substance, and periosteal thickening ivith general osteoporosis of both metatarsal 
and metacarpal bones and their phalanges was in evidence Several of the bones 
of the hands showed areas of marked rarefaction, suggesting cysts There was 
osteoporosis of the skull q g Hassin 


Fat Tissue in Thyroid AnENOM^k F Brenner, Centralbl f allg Path u path 

Anat 62 113, 1935 

In a portion of thyroid gland, 10 by 8 by 3 cm , five adenomas ranging m size 
to that of a walnut were encountered Microscopically these ivere of the micro- 
follicular type with a partially hyalinized stroma Fat tissue in masses up to 
1 5 mm in diameter occurred near the periphery of the adenomas and were sepa- 
rated from the connective tissue capsule by a band of parenchj ma 0 5 mm wide 
In the larger fat masses the cells lav next to one another and resembled typical fat 
tissue At the borders of such fields single fat cells occurred between the small 
alveoli of the adenoma The alveoli exhibited no retrogression changes Replace- 
ment of gland tissue by fat is well known in such places as the salivary glands and 
pancreas, where the fat cells originate m the connective tissue cells of the organ 
Bj analogy Brenner believes that in this instance metaplastic changes had occurred 
in the adenomas, the parenchyma of which was retrogressing 

George Rukstinat 

An Unusual Anomalous Band of the Left Auricle K Schweikart, 
Centralbl f allg Path u path Anat 62 114, 1935 

Anomalous tendinous bands of the left auricle occur seldom as compared with 
such bands of the right auricle but have a certain uniformity This consists in 
the attachment of one end to the valvula foramims ovalis and of the other to a mitral 
leaflet or to the ventricular endocardium In the present case the attachment 
to the mitral leaflet only was demonstrable The free end ivas, however, bifid 
and matched depressions in the valvula foramims ovalis Presumably detachment 
was effected during marked cardiac dilatation in a woman who suffered from 
nephritis and mitral stenosis with insufficiency Death was due to uremia 

George Rukstina.t 
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Pathologic 'iNC Anatomic Changes in So-Called Leprosy of Rats R Jaffe 
and G Kahlau, Frankfurt Ztschr f Path 46 218, 1933 

Stefansky m 1903 described a disease in rats which closely resembled human 
leprosy Jaffe and Kahlau examined the organs of sixty rats in which this disease 
had been produced experimentally As controls, organs of guinea-pigs which had 
received injections of leprosy bacilli isolated from human lesions were examined 
In the rat the disease was characterized by nodules in the skin and lymph nodes 
Microscopically they consisted of granulation tissue with large cells which con- 
tained much cytoplasm and also a number of acid-fast bacilli These cells were 
referred to as leprosy cells Bacilli were also found in the Kupffer cells of the 
liver, in the spleen and in the cells of the reticulo-endothelial system in other organs 
These cells were thought to be the origin of the leprosy cells Later, round cells 
and giant cells of the Langerhans type were found in addition to the leprosy cells 
Whereas in the rat the testes were never involved, the testes in man very often 
showed the characteristic granulation tissue In man the leprosy cells showed 
many vacuoles while these were not present m those of the rat The characteristic 
arrangement of the bacilli within the lepros}' cell so often seen m man was not 
found in the rat The authors conclude that the changes in the organs m man 
closely resemble but are not identical with those in the rat Otto Saphir 

AIalformation or the Lower Extremities (Sirenomelus) E Heits, Frank- 
furt Ztschr f Path 46 241, 1933 

Heits examined two cases of this anomalj'’ In the first the sacrum and coccyx 
were missing and only four lumbar vertebrae were recognizable Both iliac bones 
were horizontally placed and were adherent to each other The ischiatic and iliac 
bones were also firmly adherent to each other The pubic bones showed no 
changes There was a rudimentary tibial bone and two patellae In the second 
instance the changes m the lower extremities were similar to those in the first 
instance In addition there were revealed thin soft parietal bones and hydrocephalus 
Also the right thumb was absent Heits concludes that the sirenoformation results 
from a primary arrest of the development of the caudal segment of the body occur- 
ring probably in the first half of the third week of the embryonal development The 
cause of this malformation is apparently exogenous, for various malformations of 
other organs may be present Otto Saphir 

Marked Deformitv of the Brain from Meningeal Cyst D Schranz, Frank- 
furt Ztschr f Path 46 252, 1933 

In a 50 year old man who committed suicide a cyst was found m the left sylvian 
fissure The cyst measured 8 5 by 9 cm m diameter and extended from the orbital 
portion of the inferior frontal gyrus to the lower portion of the central gyrus and 
reached the temporal gyri The pia mater over the cj'^st was markedly thickened 
and milky white The brain was greatly compressed but did not reveal any other 
gross or histologic change The history showed absence of trauma but brought 
out that he always had been left-handed Schranz does not belie\e that the cyst 
was congenital, but thinks it developed later in life, possibly as a result of an old 
healed circumscribed meningitis Otto Saphir 

t 

Brain Changes in Leukemia W Hamburger, Frankfurt Ztschr f Path 
46 257, 1933 

Hamburger examined four cases of myeloid leukemia and one of lymphatic 
leukemia The hemorrhages in the brain seen in leukemia are grossly different 
from those due to other causes The former are firmer and are distinctly yellowish 
brown They are often diffusely present throughout the white substance, are often 
small and resemble those seen in hemorrhagic encephalitis The capillaries are 
dilated and often filled to capacity with white blood corpuscles This condition is 
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spoken of as white stasis The hemorrhages are the result of diapedesis of the 
blood corpuscles Since often most of the cells m the vessels are white blood cells, 
the hemorrhages may give the erroneous impression of leukemic infiltration 

Otto Saphir 

Mucus-Containing Stones in the Appendix J von Soos, Frankfurt Ztschr 

f Path 46 286, 1933 

An appendix containing 134 round stones covered with and also containing 
mucus was removed at autopsy from a 69 year old man The appendix was 8 cm 
long and spindle-shaped, and its orifice was niarkedb narrowed The stones 
measured from 1 to 3 mm m diameter In the center of each was a yellow opaque 
granule On chemical examination it was shown that the calculi consisted of an 
albuminous material, phosphates and calcium carbonates Von Soos believes that 
the occurrence of mucus within the stone is a secondary process The patient had 
been a stone cutter and apparently had swallowed the particles of stone which 
formed the nuclei of the calculi Otto Sa.phir 

Necrosis of the Pancreas W Manz, Frankfurt Ztschr f Path 46 295, 1933 

Twenty-five instances of acute and subacute necrosis of the pancreas are 
reported In the majority of these cases gallstones were found In some instances 
fat necrosis and the necrosis of the pancreas were the result of carcinoma which 
caused either primary pressure necrosis of the pancreatic parenchyma or narrowing 
of the ducts Occasionally the disease was brought about by the presence of 
ascarides within the ducts with resulting severe inflammation Rarely a primary 
chronic inflammation of the duct was thought to have caused the necrosis of the 
pancreas Very occasionally histologically demonstrable disease of the pancreatic 
arteries caused the necrosis of the pancreas Manz does not believe that primary 
necrosis of the pancreas may occur in the absence of inflammatorj changes as 
was thought by Balo (Vnchoivs Aich j path Anaf 259 733, 1926) 

Author s Summarv 

Aaiyloid Contracted Kidne\s H Willur, Frankfurt Ztschr f Path 46 306, 
1933 

Wilier reports three cases of uncomplicated amyloid infiltration of both kidnejs 
which had caused contraction of these organs The ages of the patients were 31, 
39 and 42, respectnely They all had general edema and much urinary albumin 
The nonprotein nitrogen of the blood was determined for two patients and 
amounted to 32 mg and 117 mg per hundred cubic centimeters, respec- 
tively The' arterial blood pressure was 125 systolic and 75 diastolic in 
the first, 120 systolic and 75 diastolic in the second and 120 systolic 
and 80 diastolic in the third patient The eyegrounds were normal The autopsies 
revealed neither arteriosclerosis nor cardiac hypertrophy The kidneys grossly 
were smaller than normal Their surfaces were grayish white to yellow 
with irregularly outlined retracted areas The cut surfaces were glossy brownish, 
and the cortex was markedly reduced in size Histologically almost every 
glomerulus showed changes Most ot the glomeruli were enlarged , occa- 
sionally one was contracted They were poor in nuclei and almost completelj 
replaced by a homogeneous substance which gave the characteristic amyloid stain- 
ing reactions Bowman’s capsules were thickened and contained much newly formed 
connective tissue, which occasionally extended into the loops of the glomeruli 
The tubuh revealed changes which were characteristic of lipoid nephrosis The 
interstitial tissue showed many scars and masses of amyloid The lumens of the 
smaller arteries and particularly of those of the vasa afferentia were narrowed 
by rings of amyloid Also a fourth case is reported The patient w'as 77 years 
old The arterial blood pressure was 140 systolic and 90 diastolic, and there also 
ivas marked albuminuria The heart was not enlarged The kidneys were similar 
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to those seen in the first three instances Rats in which amyloid contracted kidneys 
were produced experimentally did not reveal hypertrophy of the heart 

Wilier stresses the point that even though in these four instances both kidneys 
were severely diseased the patients did not show hypertension and the hearts were 
not hypertrophic at autopsy This, he believes, speaks against the assumption that 
renal lesions and arterial changes are the primary factors in hypertension 

Otto Saphir 


Contracted Solitar\ Kidne\ H Wilder, Frankfurt Ztschr f Path 46 321, 
1933 

Wilier reports two cases In one there was agenesia of the left kidney and left 
ureter and chronic glomerulonephritis in the right kidney The patient died of 
uremia The arterial blood pressure was 190 systolic and 110 diastolic declining 
to 155 systolic and 95 diastolic The nonprotein nitrogen content of the blood was 
79 mg per hundred cubic centimeters and increased to 112 mg There was albumin 
in the urine The second patient had an arterial blood pressure of 185 systolic 
and 100 diastolic The urine contained much albumin At autopsy only a minute 
portion of renal tissue was found in place of the left kidney The right was an 
arteriolosclerotic contracted kidney The minute portion of the left kidney revealed 
the presence of only a few collecting tubules, neither convoluted tubules nor 
glomeruli ivere found Wilier stresses the fact that m spite of the marked decrease 
of the parenchyma of the kidney in each instance the hypertrophy of the left cardiac 
ventricle in each instance was relatively slight He also maintains that the increase 
in systolic pressure is less than one would expect considering the severe loss of 
renal tissue This indicates to him that there is no ratio between parenchymal 
changes m the kidney, on one hand, and hypertension and hypertrophy of the 
left cardiac \entricle, on the other Otto Saphir 


Histologt of the Extramural Cardiac Nervous Svstem in Cases of Sudden 
Death M I Awdejew et al , Virchows Arch f path Anat 293 351, 1934 


The anatomic substrate of suddenly fatal cardiac failure was sought first m the 
myocardium Later the intrinsic conduction system of the heart became the subject 
of investigation In the study here reported attention was directed to the extra- 
mural cardiac nervous sjstem the vagus nerve and its ganglion and the cervical 
sympathetic nerve and the superior cervical and stellate ganglions The material, 
which was investigated chiefly by means of a modified Bielschowsky method, was 
derived from thirty-one cases of sudden death which had been subjected to medico- 
legal necropsy Twenty-four were cases of coronary arteriosclerosis with the usual 
concomitants of this condition, namely, thrombosis, myomalacia, myofibrosis and 
cardiac aneurysm with rupture Four were cases of syphilitic mesaortitis with 
aneurysm but without rupture, two were cases of marked cardiosclerosis without 
arteriosclerosis, and one was a case of fatal epilepsy in which the heart and vessels 
were normal The ages of the subjects varied from 27 to 85 years Material from 


thirteen controls v^arying in age from 5 to 73 v'ears was also studied In coronary 
arteriosclerosis the vagus and sympathetic ganglions revealed a condition of fibrotic 
shrinkage This is held to be, not the cause of the arteriosclerosis, but the result 
of the latter The alteration to which great importance is attached is globular 
swelling of the processes of the nerve cells and proliferation of axis-cylinders with 
the formation of networks of fibrils about and between the groups of ganglion cells 
With these changes in the ganglion were associated enlargement, nodular swelling 
and irregularity in the course of nerve fibrils m the trunk of the vagus Similar 
alterations were not observed in the sympathetic ganglions or the sympathetic 
trunk The histologic changes observed are held to be the result of a state of 
hypenrritability of the vagus and its ganglion To this state are ascribed the 


attacks of angina pectoris which subjects with coronary sclerosis were known to 
have had, as well as the sudden stoppage of the heart q -p Schultz 
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Changes in the Teeth in Tumors of the Jaw M N Zajewloschin and 
S I Libin, Virchows Arch f patli Anat 293 364, 1934 

A microscopic study of the teeth was made in fifty-six cases of neoplasm of the 
jaw In most of the cases the growth was a primary tumor of the jaw , in some 
It was a tumor of a contiguous structure that involved the jaw by continuity , in 
two it was metastatic There were observed degenerative, inflammatory and 
necrobiotic changes in the pulp and pericementum and resorptive and appositional 
alterations in the hard structures of the teeth Since such changes were noted in 
teeth at some distance from the tumor they are ascribed, not to direct action of 
the tumor, but to chemical changes brought about by the tumor In a rather sur- 
prising percentage of the cases of malignant tumor tumor cells were seen in 
the pulp 0 T Schultz 

Changes in the Sternoclavicular Joint in Relation to Age P Langen, 
Virchows Arch f path Anat 293 381, 1935 

Both sternoclavicular joints were subjected to microscopic study in 200 cases 
The subjects ranged in age from prematurity to 85 years The histologic character 
of the joint at various periods of life is described At 25 to 30 years of age degen- 
erative and regressive changes m the cartilage make their appearance and are 
followed by increased vascularity and reorganization of the underlying bone By 
the age of 40 years these changes are evident in every person and have resulted 
in a state which Langen terms arthritis deformans The changes described, and 
by inference those of arthritis deformans, he at the boundary between the physio- 
logic and the pathologic q -p Schultz 


Resistance of the Ganglion Cells in Certain Diseases of the Nervous 
System Hans-Joachim Scherer, Virchows Arch f path Anat 293 429, 
1934 

Parenchymatous cells in general are more susceptible to harmful agents than 
supporting cells The same doctrine is accepted for the nervous system, the gang- 
lion cells of which are most vulnerable These cells, however, were found to be 
highly resistant to infiltrating glioblastoma of the brain, to multiple sclerosis and 
to Wilson's disease in the involved areas of the brain The vulnerability of the 
ganglion cells is most CMdent in vascular disturbances of the brain 

O T Schultz 


Fatal Pericardial Hemorrhage Due to Rupture of a Coronary Artery 
Janina Kowalczykoaa, Virchows Arch f path Anat 293 464, 1934 

Necropsy of an 80 year old man with senile arteriosclerotic gangrene of the 
foot who died suddenly revealed a massive hemorrhage into the pericardial cavity 
The hemorrhage had come from a ruptured sclerotic and atheromatous subepicardial 
branch of the left coronary artery and was not the result of myocardial necrosis 
The author could find no record of a similar spontaneous nontraumatic rupture 
of a diseased coronary artery q ^ Schultz 


Immunology 

Anaphalactogenic Properties of Milk B Ratner and H L Gruehl Am 
J Dis Child 49 287, 1935 

The proteins isolated from raw milk are chemically and biologically distinct 
There are no antigenic changes as a result of drying, acidification or pasteuriza- 
tion Dried, acidified, superheated or evaporated milk shows no loss of the anti- 
genic properties of the casein fraction As a sensitizing agent given by injection 
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milk that has been evaporated, freshly boiled for several hours or superheated 
shows practically no loss of the antigenic character of the lactalbumin As a 
shock agent by injection evaporated or superheated milk shows an unmistakable 
loss of the antigenic properties of the whey fraction This is more marked with 
evaporated than with superheated milk (smaco 303) Evaporated, freshly boiled 
and acidified evaporated milks, when fed by mouth, show a marked reduction in 
sensitizing ability The loss of the antigenic properties of heated milks is pre- 
sumably due to coagulation of the whey proteins, for which there is some evidence 
of reversibility The further reduction in the antigenic properties of heated milks 
when fed by mouth is due to the fact that coagulation dela}’^s the passage of pro- 
teins through the gastro-intestinal tract, thus making for more complete digestion 
and diminishing the probability of the absorption of native antigens through the 
intestinal wall In view of the experimental and clinical observations recorded 
here it appears that evaporated milk is the modification of greatest value for the 
person who is sensitive to milk Authors’ Summary 


Anaphylactogenic Properties of Mvlted Sugars and Corn Svrup B Ratner 
and H L Gruehl, Am J Dis Child 49 307, 1935 

Malt extracts and the barley malt from which they are derived are highly 
anaphylactogenic and animals sensitized to them react specifically to the original 
protein constituent, hordem, present in barlej’' Persons who are sensitne to barlev 
may show S 3 TOptoms after the ingestion of malt extracts and malt brews Corn 
syrups and pure dextrimaltose sugars are nonanaphylactogenic It is improbable 
that the highl}’^ purified ard refined sugars have anaphvlaclogemc properties 
The addition of wheat germ or dried milk to nonanaphylactogenic preparations ot 
dextrimaltose converts them into substances which are definitely anaphylactogenic 
Persons sensitive to wheat, j^east or milk maj'- have allergic exacerbations from 
the use of such compound preparations of dextrimaltose Those who cannot 
tolerate honey may be sensitive to the specific protein elements of the nectar from 
which it IS derived, for example, buckwheat Allergy to carbohjdrate foods cannot 
therefore be attributed to the carbohydrates per se but must be ascribed to the 
protein constituents which are added to certain compound carbohydrate food prepa- 
rations The experiments reported make it apparent that pure dextrimaltose, corn 
syrup and crystalline sugars play no role in allergy 

From the Authors’ Conclusions 

Effect of Acute Diseases on the Reaction of the Skin to Tuberculin 
A G Mitchell et al , Am J Dis Child 49 695, 1935 

A depression of allergy to tuberculin exists during the acute stages of scarlet 
fever, and probably of measles, which disappears during the convalescent stage 
This IS shown (1) by significant differences m the occurrence of positive reac- 
tions during the acute and convalescent stages, (2) by the depression of allergy 
in the acute stage in persons known to give positive reactions, (3) by a delay in 
the time of the appearance of the reaction during the acute stage, and (4) bj’’ the 
smaller size of the reaction in the acute stage as compared with that m the con- 
valescent stage From a practical clinical standpoint it follows that failure to 
elicit a skin response to tuberculin during the acute stage of scarlet fever, and 
probably of measles, cannot be accepted as evidence that the person does not nor- 
mally give a positive reaction No statistically significant difference can be demon- 
strated between the rates of positive reaction to tuberculin during the acute and 
convalescent stages of diphtheria This is the more conclusive since stable rates 
of reaction were obtained for the acute and the convalescent stage of the disease 

From the Authors’ Summary 
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Immunity in Epizootic Fox Encuphalitis R G Green et al , Am J Hyg 
21 366, 1935 

Recovery from fox encephalitis is accompanied by an acquired permanent 
immunitv, which appears to depend on the presence of an antivirus m the blood 
stream The development of the acquired immunity evidently requires several 
weeks m the most susceptible animals As fatalities are confined almost entirely 
to the first week of the disease, acquired immunity probably plays little role in 
individual recovery It seems that the degree of natural immunity at the onset ^ 
of the disease determines recovery from this infection An active antivirus can 
be developed in serum by hyperimmumzation A maximum antivirus content is 
obtained m serum only after more than a year of weekly injections Such a 
serum shows its activity under experimental conditions only when mixed with the 
virus before injection Delayed infection occurs approximately thirty days after 
the injection of the serum-virus mixture The delayed infection is marked by 
the acute symptoms and the presence of the specific inclusions typical of the 
natural disease Delayed infection may be prevented by a second injection of 
serum three weeks after the injection of the serum-virus mixture Foxes sur- 
viving the injection of the serum-virus mixture and aided by a second injection 
of serum are generally immune to the disease, but about 8 per cent are still sus- 
ceptible to experimental infection six months later 

From the Authors’ Summary 


Allergic Reactions or Actinomvcetes D R Mathieson et al , Am J Hyg 
21 405, 1935 

Infection and immunization with acid-fast actmomycetes tend to produce an 
allergic sensitization m experimental animals No cross-sensitization to tuberculin 
could be demonstrated Continued immunization leads to desensitization Normal 
persons give more frequent and more marked skin reactions to Actinomyces bovis 
than do actinomycotic patients Whereas single injections of A bevis rarely 
produce infection, repeated inoculations usually do This is in agreement with the 
findings of Nakayama, who first suggested that allergic sensitization is a factor 
in the etiology of actinomycosis No sensitization demonstrable by skin tests could 
be induced in rabbits inoculated with saprophytic aerobic actmomycetes Repre- 
sentative actmomycetes do not elicit reactions similar to those described by 
Schwartzman for meningococci and other bacteria 

From the Authors’ Summary 


Immunization with Formolized Tissue Cultures of Tiphus Rickettsia 
I J Kligler and M Aschner, Brit J Exper Path 15 337, 1934 

Data are presented showing that it is possible to immunize animals with 
emulsified tissue cultures of Rickettsia sterilized with dilute solution of formal- 
dehyde Cultures of the European and Mediterranean rat virus were used, and 
in each instance three injections, equivalent to about one sixth of a guinea-pig’s 
tunica albuginea testis, proved sufficient to induce an effective immunity Old as 
well as fresh cultures and freshly formaldehydized suspensions as well as old ones 
are equally effective for immunization The failure to induce immunity with dead 
Rickettsia in infected tissues appears to be due to the insufficient amount of antigen 
present in the infected tissues It is suggested that this is the reason for a similar 
failure with viruses, and that vaccines made from virus cultures may offer a solution 
to the problem of active immunization with dead virus 

From the Authors’ Conclusions 


The Properties or the Vi Antigen of the Typhoid Bacillus A Felix 
S S Bhatnagar and R M Pitt, Bnt J Exper Path 15 346, I 934 ’ 

The Vi antipn of the typhoid bacillus can be demonstrated by the inaeirf,, 
inability of the living organisms by pure O serum or by their agglutmability with 
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pure Vi serum The two methods give equall}’- reliable results The development 
of Vi antigen is suppressed when virulent strains of the typhoid bacillus are grown 
at temperatures between 20 and 25 C and between 40 and 44 5 C The application 
of this technic to similar studies of other bacterial species is suggested The 
resistance of the Vi antigen to heat is described as it is reflected by agglutination 
and absorption tests and by the formation of antibodies in the rabbit Saline 
extracts of cultures of virulent strains of the typhoid bacillus contain Vi antigen, 
precipitable by pure Vi antiserum The use of formaldehydized extracts is sug- 
gested for the preparation of relatively potent Vi antiserum 

From the Authors’ Sumaiary 

Antigenic Differences Between Related Bacterial Strains A Criticism 
of the Mosaic Hypothesis F M Burnet, Brit J Exper Path 15 354, 
1934 

An extract of the Flexner dysentery bacillus is composed of immunologically 
similar molecules of antigen and not of the mixture of antigens postulated in the 
mosaic theory of bacterial antigenic structure 

From the Author’s Conclusions 

The Iaimunological Relationship of Pseudorabies (Infectious Bulbar 
Paralysis, Mad Itch) A B Sabin, Brit J Exper Path 15 372, 1935 

Pseudorabies bears no immunologic relationship to rabies Pseudorabies virus 
possesses many properties in common with the virus of herpes simplex but is 
easily differentiated from it by active and passive immunity tests Certain hyper- 
immune antiherpes serums protected guinea-pigs from minimal but constantly 
infective doses of the virus of pseudorabies Four of fourteen herpes-immunized 
guinea-pigs resisted a small but definitely infective dose of pseudorabies virus A 
potent antipseudorabies serum had no effect on herpes A partial immunologic 
relationship between pseudorabies and herpes is considered possible A generic 
relationship is suggested for pseudorabies virus, the B virus and the virus of 
herpes simplex From the Author’s Sumaiary 


The Flocculable Substance of Vaccinia M H Salaaian, Brit J Exper 
Path 15 381, 1934 

Seitz filtrates of suspensions of the crusts from vaccinial rabbit’s skin possess 
some antigenic power This power can be definitely enhanced by adsorption of the 
antigen on particles of collodion A heat-stable flocculating substance may be pre- 
pared from the crusts of vaccinial rabbit’s skin similar m properties to that 
obtained by Wilson Smith from vaccinial rabbit’s testicle 

Froai the Author’s Conclusions 

The Agglutinogens of a Strain of Vaccinia Eleaientary Bodies J Craigie 
and F O Wishart, Brit J Exper Path 15 390, 1934 

Agglutinating serum for the elementary bodies of vaccinia, obtained bj vaccina- 
tion of rabbits with or without further inoculation of elementary bodies of the 
C L strain of vaccine virus, contains two agglutinins The two corresponding 
agglutinogens differ in their relative stability to heat and other agents The more 
labile agglutinogen designated L has its agglutinability and ability to absorb 
agglutinin impaired or destroyed by exposure to a temperature as low as 56 C 
The agglutinogen designated S is stable at temperatures up to 95 C 

Froai the Authors’ Conclusions 
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Species Ijimunit\ to Pneuiviococcus David Harley, Brit J Exper Path 
16 14, 1935 

\ solution of pneumococcus type-specific antigen which has been made alkaline 
and heated to 37 C and injected into mice produces immunity to the homologous 
and the heterologous types of living pneumococci alike This new antigen is 
believed to be a product of a dissociation of the type-specific antigen by the action 
of the alkali into an antigenic element and a nonantigenic type-specific material 
This free antigenic element is common to the type-specific antigens of all the 
virulent types of pneumococci, it has been designated “pneumococcic species 
antigen” From the Author’s Sumjiarv 

The Streptococcal Complement-Fixation Reaction in Rheumatic Diseases 
A Beck and F Coste, Brit J Exper Path 16 20, 1935 

Complement-fixation tests have been made on seventy-nine serums from rheu- 
matic patients and on fifty-three control serums A number of the former group 
reacted with streptococcic lipoid antigens and failed to react with lipoid antigens 
of other bacteria or with tuberculous and syphilitic hpoid antigens Examinations 
of the control serums showed that the serums of tuberculous persons and of 
pregnant women often react with streptococcic hpoid antigens Therefore m 
assessing the significance of positive streptococcic reactions tuberculosis and preg- 
nancy must be excluded The positive reaction with a streptococcic antigen has 
been observed only in those cases of rheumatic disease m which clinically a con- 
nection with streptococcic infection was probable But even in these cases, and 
also in cases of acute streptococcic infection (scarlet fever, erysipelas), the per- 
centage of serums with positive reactions is not high (seven of forty-four rheumatic 
serums) It is believed that the sensitiveness of the test is not yet optimal, and 
an attempt is being made to increase it If this can be done it may be possible 
to determine whether rheumatic disease is of streptococcic or other origin 

From the Authors’ Summary 


Histology of Local Hypersensitivity Reactions R Laporte, Ann Inst Pasteur 
53 598, 1934 


The tuberculin reaction m guinea-pigs is compared with other hypersensitive 
reactions in the skin “The tuberculin reaction is clearly distinguished from the 
anaphylactic reaction of the skin In the latter the phenomena are more rapid 
and more severe, necrosis attacks the tissue (notably the epidermis) and electively 
attacks the vascular walls resulting in intense hemorrhages, this necrosis of the 
vascular walls is found in the deep layers of the skin, a characteristic which is 
not seen in allergic reactions The marked edema, the relative paucity of inflam- 
matory cells in the skin, the predominance of polymorphonuclears and the accumula- 
tion of eosinophils constitute the other principal dififerential characteristics of 


anaphylactic reactions ” Comparing reactions to other irritating substances with 
the tuberculin reaction Laporte found many points m common, “nevertheless, it 
IS unequivocal that the tuberculous animal reacts by more precocious and notably 
more important influx of monocytes” ^ S Marshall 


The Cytolytic and Toxic Properties of Staphylococci C Gengou, Arch 
mternat de med exper 9 413, 1935 

Hemolysins, leukocidins and the necrotizing toxin in staphylococcic filtrates are 
different manifestations of a single product of bacterial metabolism Since the 
filtrabihty of the toxin changes on cultivation of the bacteria in vitro, chloroform 
has been used in place of filtration for sterilization of the cultures The amount 
of precipitate formed in toxic filtrates on addition of antitoxin is not a true index 
of the strength of the toxin The precipitate varies with the kind of medium 

Eiizabeth McBroom 
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Allergic Reactions of the Kidney M Masugi and Y Sato, Virchows Arch 
f path Anat 293 615, 1934 

In a previous contribution the authors described renal glomerular changes 
following the injection of large doses of antikidney serum into rabbits They 
considered the changes identical with those of human diffuse glomerulonephritis 
These alterations they held to be allergic In the present work rabbits were sen- 
sitized by repeated subcutaneous, intraperitoneal or intravenous injections of horse 
serum or egg-white In one series of animals the kidneys were subjected to 
microscopic examination at various stages of sensitization In another series the 
examination was made after the injection into the renal artery of a final activating 
dose of the foreign protein In both series the authors observed glomerular changes 
which they consider identical with the characteristic lesions of human diffuse 
glomerulonephritis, namely, plasma stasis, fibrinothrombosis and blood stasis in 
the glomerular vessels The process involved entire glomerular tufts and the 
glomeruli throughout the kidney They conclude that human diffuse glomerulo- 
nephritis IS an allergic reaction in a hyperergic kidney In some animals they 
observed perivascular lesions similar to those of periarteritis nodosa, which, there- 
fore, the}’’ also look on as an allergic reaction q "p Schultz 

The Anaphylactic Reaction After Removal of Inhibitory Substances 
E Berger and W Mutsaars, Ztschr f Immunitatsforsch u exper Therap 
83 1, 1934 

The addition of an alcoholic solution of cholesterol to the Ringer solution m 
which the uterine horn of a passively sensitized guinea-pig was suspended inhibited 
regularly the specific anaphylactic contraction following the addition of the antigen 
The mere replacement of the alcoholic solution with fresh Ringer solution brought 
about a typical contraction The alcohol was responsible for the inhibition, and 
not the cholesterol The effect of histamine was frequently inhibited by the 
alcoholic solution, but replacement of the latter by Ringer solution was only 
exceptionally followed by a contraction j d^vidsohn 

The Specificiti of Anaphilactic Vascular Contractility of White Rats 
K M Dwoilazkaja-Baryschewa, Ztschr f Immunitatsforsch u exper 
Therap 83 31, 1934 

Segments of arteries were perfused with fluid with and without antigenic 
substances, and the contraction was measured by the decrease in the number of 
drops which left the blood vessels A marked contractility was observed in sensi- 
tized white rats, but it was not specific, because heterologous as well as homologous 
antigens (serums and erythrocytes) were able to produce it This corroborates 
the claims of Kntschevski and others that the reaction of the sensitized blood 
vessels following perfusion of antigens is not identical with the anaphylactic shock 

I Davidsohn 

Diphtheria Antitoxin in the Blood of the Population in a Town of Java 
Jeanne van den Hoven van Genderen, Ztschr f Immunitatsforsch u 
exper Therap 83 42, 1934 

The blood of 1,641 men, women and children of Bandoeng, Java, was studied 
by means of Romer’s technic A comparative study of the blood of the umbilical 
cord and of the venous blood of parturient women confirmed the known fact that 
the amount of diphtheria antitoxin is about equal in both The native population 
and the Chinese adults and children had high titers of antitoxin, somewhat lower 
m women and girls The titers were much higher than among the European 
and mixed population, among whom the women showed a particularly low titer 

I Davidsohn 
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Bronchiogenic Cancer Combined with Tuberculosis or the Lungs B M 
Fried, Am J Cancer 23 247, 1935 

From a study of thirteen cases of primary carcinoma of the lung combined 
with pulmonary tuberculosis it was found that the carcinoma had developed 
independently from the tuberculous disease m some cases, while in others it was 
engrafted on an old fibrotic infection The carcinoma did not originate in the 
wall of the tuberculous cavity but in the basal cells of the adjacent bronchus from 
where it reached the cavity, lining its wall in a syncytial manner and growing in 
masses “Cancenzation” of a cavity is analogous to the so-called “epithelialization” 
of a cavity observed in cases in which the infection with Koch’s bacillus shows 
a tendency toward healing 

In five of the cases the carcinoma was of the small cell variety , in six, squamous 
epithelial, in one, keratinizing epidermoid, and in one, adenocarcinoma 

All the patients were men Three showed tubercle bacilli in the sputum, which 
is contrary to the general belief that the sputum of patients m whom these two 
diseases are combined is invariably negative for Koch’s bacilli 

The tuberculous lesion found in the lungs of the patients was of the healing 
fibrotic type and was to all appearances of long standing 

The clinical histones and the necropsy observations of the thirteen patients are 
given in detail The article is illustrated with ten photomicrographs and ten 
roentgenograms 

Myxosarcoma A A Thieaudeau and L C Kress, Am J Cancer 23 267, 
1935 

Myxomatous tissue m a tumor is not an evidence of degeneration Myxomatous 
tissue IS a derivative of connective tissue and can probably originate from the 
metaplasia of different types of connective tissue The more malignant a myxo- 
matous tumor, the more cellular it becomes Myxosarcoma is clinically highly 
malignant, responding only occasionally to recognized forms of therapy In general 
myxosarcoma is resistant to radiation therapy, in some instances, however, it has 
responded admirably to this type of treatment Myxosarcoma is most apt to 
arise between the ages of 40 and 60 years, it shows no special predilection for 
either sex The shorter the clinical duration of the tumor before treatment, the 
more satisfactory is the response to therapy Myxosarcoma in cases in which 
recurrences have occurred does not respond to treatment Widely disseminated 
metastases occur late in myxosarcoma Myxofibroma is readily eradicated by 
appropriate therapy From the Authors’ Summary 

Tumor Transplants from Mice to Splenectomized Rats J Heiman, Am J 
Cancer 23 282, 1935 

Transplants of mouse carcinoma 63 and 11 and of sarcoma 180 and 37 will not 
grow in adult splenectomized or in adult normal rats Mouse sarcoma 37 will 
grow for a short time in young normal and young splenectomized rats, but recession 
and absorption of the tumor occur promptly, without Msibly affecting the animals 
The growth energy of a tumor may be diminished during its stay in foreign soil 
but IS regained when the tumor is transferred to its normal habitat The presence 
or absence of the spleen in a mouse or a rat does not seem to hinder or accelerate 
the growth of sarcoma 37 The age of the animal influences the growth of 
heterotransplants 

Etfect of Bromcaproic Acid on Rat Sarcoma 39 W A Selle and M 
Bodanskx, Am J Cancer 23 289, 1935 

Bromcaproic acid, despite the fact that it permeates cell membranes more 
^ readily than the halogen derivatives of the lower fatty acids, was found to exert 
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no specific inhibitory effect on the growth of rat sarcoma 39 though given in daily 
doses equal to one third of the lethal dose over a period of three or four weeks 

From the Authors’ Conclusion 

The Influence of Magnesium on the Growth of Carcinoma, Sarcoma and 
Melanoma K Sugiura and S R Benedict, Am J Cancer 23 300, 1935 

Transplants of the Flexner-Jobling rat carcinoma m rats fed a diet containing 
magnesium in the concentration of only 1 8 parts per million, but otherwise ade- 
quate, survived more frequently but grew very much more slowly than such trans- 
plants m animals receiving a magnesium-normal diet or fed the common diet At 
the end of the third week, the weight of the tumor in the rat fed the magnesium- 
low diet was only about 4 per cent of that in the animal fed the magnesium-normal 
diet The rate of tumor growth m the animals to the diet of which a small amount 
of magnesium in the form of magnesium sulphate had been added (0 0108 per 
cent magnesium) was decidedly diminished, but this inhibition was not so great 
as in the animals fed a diet practically free from magnesium The resistance of 
the latter animals to tumor regression was definitely increased over that of 
normally fed animals When young rats in which cancerous grafts had become 
well established were placed on a magnesium-low diet (0 00018 per cent magnesium), 
there was no marked inhibitory effect on the subsequent rate of tumor growth 
When magnesium in the form of magnesium sulphate was restored in adequate 
amount (0 0538 per cent magnesium) to the magnesium-low diet (0 00018 per cent 
magnesium) of tumor-bearing animals the tumor nodules grew very rapidly and 
attained normal size in seven days A magnesium-high diet (0 1775 per cent 
magnesium) had a slight but distinct accelerating effect on the growth of 
the Flexner-Jobling rat carcinoma However, there was a slight increase m the 
number of tumor regressions m rats on this diet Prolonged feeding of the 
magnesium-high diet did not have any effect m checking the growth of firmly 
established Flexner-Jobling rat carcinoma, mouse sarcoma 180 and Passey mouse 
melanoma The results cast doubt on the value of magnesium m the treatment 
of human neoplasms They also show that a neoplasm, like normal tissue, requires 
a definite amount of magnesium for its growth 

From the Authors’ Summary 

On the Physiological Validity of Enzyme (Amylase) Determinations in 
Tumor Tissue F H Scharles, P D Robb and W T Salter, Am J 
Cancer 23 322, 1935 

A method has been previously described whereby the amylolytic effect of a 
tumor extract can be expressed as a logarithmic function of the concentration of 
the extract Assays are presented of mixtures of varying proportions of two 
sarcoma extracts In each case the value obtained agrees with the sum of the 
theoretically calculated partial activities of the respective components Because 
the partial activities are directly additive, it is suggested that the method determines 
purely the activity of enzyme, and not the effect of accompanying accelerators or 
inhibitors This fact substantiates the contention that appropriate determinations 
of the enzyme activities in tissues have a fundamental physiologic meaning 

From the Authors’ Summary 

Neurocytoma Derived froji a Ganglioneuroma of the Hypogastric Plexus 
Samuel J Hoffman, Am J Dis Child 49 135, 1935 

This case is interesting because it shows the nonmahgnant form of neuro- 
cytoma in the form of a ganglioneuroma and also the true neurocytoma in the 
same section It shows an unusual form of metastasis to many bones in which 
the periosteum was uniformly thickened From the Author’s Conclusions 
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A Malignant Hemangioma of the Lung with Multiple Metastases E M 
Hall, Am J Path 11 343, 1935 

A case of malignant metastasizing hemangioma, of which there are less than 
a dozen true cases recorded in the whole of medical literature, is reported The 
largest tumor was found in the right lung, and death was due to hemorrhage into 
the right pleural cavity True metastases consisting of both cavernous and 
malignant cellular areas were found in the lungs, pleurae, retroperitoneal lymph 
nodes and liver The type cell was the endothelial cell, which formed blood- 
vascular spaces in all the tumor nodules The cells varied from practically 
normal-appearing ones lining the cavernous spaces to extremely large atypical 
cells that almost filled the blood spaces in the more cellular areas In the latter 
the growth was rapid and apparently highly malignant 

From the Author’s Summary 

A Ganglioneuroma in the Neck of a Child J MacFarland and S W 
Sappington, Am J Path 11 429, 1935 

The case described is that of a well characterized ganglioneuroma In this 
tumor, however, nerve cells of all stages of development from neuroblasts to 
ganglion cells occurred, and among them was a stroma made up of Schwann cells 
and nerve fibers It occurred in the neck of a little girl, and the case seems to 
be the twelfth of its kind to be placed on record Three years after operative 
removal the patient is living, with no return of the tumor and no metastases 
Appended to the article are 143 references to the literature 

From the Authors’ Summary 

Primary Carcinoma of the Lung K B Olson, Am J Path 11 449, 1935 

Sixty-nine cases of primary carcinoma of the lung, verified at autopsy, have 
been presented and divided into three groups (a) squamous cell carcinoma, 
(b) adenocarcinoma and (c) undifferentiated carcinoma 

Squamous cell carcinoma constituted the largest single group and 42 per cent 
of the entire series The left lung and upper lobes were the most common site 
of the primary tumor, and in 61 per cent of the cases it involved a bronchus 
Cavitation in the primary tumor occurred in 17 per cent Metastases and exten- 
sions were not so widespread as in the undifferentiated group but were more exten- 
sive than in that of adenocarcinoma 

Adenocarcinoma constituted 24 per cent of the series and was mucinous in S3 
per cent of the cases and nonmucinous in 47 per cent In all cases the tumor prob- 
ably originated from the epithelium lining a bronchus or from a peribronchial 
mucous gland The mucinous type frequently metastasized and occasionally 
extended but appeared less malignant than the nonmucinous It involved bone more 
frequently than any other type The nonmucinous type was the least malignant and 
was occasionally confined to a lobe or a lung It frequently involved the pleura 
Undifferentiated carcinoma constituted 33 per cent of this senes The primary 
tumor occurred slightly more frequently in the left lung, always involved a bronchus 
and occasionally infiltrated an entire lung It showed the most vigorous tendency 
to metastasize widely and to extend locally All the cases occurred in the left 
lung, in the upper lobes and at the lulus The primary tumor was a single mass 
in 95 7 per cent of the cases and usually involved or occluded a bronchus This 
type of carcinoma metastasized widely, and the primary tumor was very prone 
to extend regionally Skeletal and intracranial metastases were common 

An absolute increase in the general incidence of carcinoma of the lung occurred 
at the Boston City Hospital in the period from 1930 to Aug 1, 1934, and is pos- 
siblv explainable as a selective phenomenon Males were affected predominantly 
m the ratio of 4 5 1 The incidence in males has increased in the past fifteen 
years The majority of cases occurred in the sixth and seventh decades of life 
Adenocarcinoma tended to occur more frequently at the extremes of life Asso- 
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ciated pulmonary inflammatory conditions occurred m 58 8 per cent of the cases 
The incidence of pulmonary tuberculosis and pneumonoconiosis m this series was 
consistent with the incidence in unselected cases 

Adeno-Acanthoma of the Pylorus J G Pasternack, Am J Path 11 

541, 1935 

A case of cormfying epidermoid carcinoma occurring with an adenocarcinoma 
of the pylorus m which definite transitions from glandular to epidermoid carcinoma 
were present is reported The tumor removed at operation was predominantly 
epidermoid and was confined to the pylorus No metastases or other tumor foci 
were demonstrable At autopsy, the esophagus and cardia were normal, the tumor 
in the vicinity of the gastric resection was predominantly adenocarcinomatous, and 
the omentum, lymph nodes and pancreas were infiltrated only by adenocarcinoma 

From the Author’s Summary 

Ervthroblastosis G W Covet, Am J Path 11 551, 1935 

A brief review of the pertinent literature is given with special reference to 
the relation between erythroblastosis, erythroleukoblastosis and fetal leukemia 
Attention is drawn to the fetal mechanism apparently designed to meet oxygen- 
poor conditions of intra-utenne life, an erythremia with a large number of immature 
red blood cells, and to their rapid reduction in number immediately following 
birth A possible analogy is pointed out between erythroblastosis and fetal leu- 
kemia, on one hand, and adult polycythemia vera and leukemia on the other 
The probable role of fetal hydrops and icterus gravis neonatorum as complications 
of erythroblastosis in a new-born infant having an erythroblastoma in the left 
pleural cavity is reported, with the observations at autopsy and a description of 
the histopathologic changes From the Author’s Summary 


The Effects of Gamma Rays of Radium and or Roentgen Rays on Lympho- 
matosis OF Mice J Furth and D H Kabakjian, Am J Roentgenol 
32 227 and 377, 1934 

Continuous exposure pf mice with transmitted Ij^mphomatosis to the gamma 
rays of radium does not prevent the fatal termination of the disease but often 
prolongs life Malignant lymphocytes introduced into healthy mice continue to 
grow under constant exposure to quantities of radiation that cause fatal damage 
to the host The gamma rays of radium increase the susceptibility of mice to 
transmitted lymphomatosis 

Total irradiation of lymphomatous mice by roentgen rays prolonged their life 
This effect was proportional to the quantity of roentgen rays applied Fractional 
irradiation also prolonged the life of leukemic mice, but under the conditions pre- 
vailing in these experiments it was not more effective than single irradiation with 
a correspondingly large dose The prolongation of life of leukemic mice by 
roentgen rays is due to a direct effect of the roentgen rays on the malignant 
Ij'mphocytes The death rate from mtercurrent diseases was greater among the 
irradiated than among the nonirradiated animals 

From Authors’ Conclusions 

Biopsy in Bone Sarcoma James Ewing, Am J Surg 27 26, 1935 

After discussing the objections to typical biopsy in bone sarcoma and its short- 
comings, Ewing states that biopsy of material obtained by aspiration with an 18 
bore needle has been remarkably successful in revealing the structure of bone 
tumors By passing the needle through a minute incision m the skin, after the 
application of a drop of procaine hydrochloride, it is usually easy to penetrate 
the shell of a medullary tumor and secure by suction enough tissue to >ield a 
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positive diagnosis With a soft extramedullary tumor the method is practically 
always satisfactory When the operator acquires some skill, and the pathologist 
IS willing to employ care and patience, a a cry high proportion of correct diagnoses 
may be obtained klost of the objections to the surgical biopsy arc avoided \\ hen 
this method becomes a familiar routine thcic remains only a very restricted field 
for the surgical biopsy 


Structure and Behaviour or the Ceu s in Tissue Cultures or 1 umoui^ 
R J Ludford, Scient Rep Invest Imp Cancer Research Fund 11 14/, 1934 

lilalignant cells of different strains a ary in size, in structure, in degree of 
differentiation and in their manner of growth in mediums Avhich support the 
growth of normal cells They are less actively motile than polyblasts Their 
cytoplasm is more finely granular than that of normal cells, then nuclei relatneH 
larger, and the mitochondria usually smaller Abnormalities of mitosis arc common 
They are not stained vitally Avith neutral red so intensely as poly blasts Ivlost 
malignant cells fail to stain vitally with trypan blue, like their normal prototypes 
The rate of growth of malignant cells of the \arious strains of transplantable 
tumors m Autro is correlated Avith their rate of growth in vivo Malignant cells 
retain the same cytologic features in vitro as in vivo Significant differences occur 
in the groAvths of different strains of mouse tumors in mouse and rat serum 
Explants of some strains grow as large sheets of malignant cells in both serums, 
others Avill not in either medium, Avhilc some give excellent sheet growths in 
mouse scrum but not in rat serum 


The Reaction of Noriial and Malignant Cells to Fat-Solubif Coloured 
Compounds Which are Insoluble in Water R J Ludford, Scient Rep 
Invest Imp Cancer Research Fund 11 169, 1934 


Relatively stable colloidal solutions of the fat-solublc, water-soluble colored 
compounds sudan III and sudan black haA’c been made in scrum Serum colored m 
this manner, sometimes Avith trypan blue added, has been applied to tissue cultures 
of normal and malignant cells Fat droplets in both normal and malignant living 
cells are colored specifically — a vital histochemical reaction Fat droplets in dead 
and fixed cells stain in the same manner Avith the colored serum The application 
of a mixture of sudan III and trypan blue in serum to tumor cultures (Crocker 
sarcoma, mouse carcinoma 206) results in the fat droplets being stained m both 
the normal and the malignant cells, but m these experiments only the polyblasts 
have segregated trypan blue Fat droplets in fibroblasts are colored by sudan III, 
and small, faintly colored droplets are present in cultures of embryonic fibroblasts 
to which sudan black has been added Vitally stained fat droplets occur m dividing 
cells Flocculated and precipitated particles of sudan III and sudan black are 
segregated, and also phagocytosed, by polyblasts These results suggest that, 
although malignant cells are readily permeable to fat-soluble substances, they are 
less permeable to water-soluble compounds than are normal cells The tentative 
explanation is put forward that the plasma membrane of malignant cells is relatively 
rich m fatty substances t- a , ^ 

bROM THE Author’s Summara 


Bile Pigment Formation in the Metastases or a Carcinoma or the I iver 
N Tokozawa, Centralbl f allg Path u path Anat 61 3, 1934 

Evidence is adduced from the following case to indicate the site of the trans- 
formation of hemoglobin into bile A laborer, 45 years old, a moderate consumer 

distention of and pressure m the upper part of Ins 
abdomen and within a month became bed-ridden Repeated paracenteses yielded 
bloodv ascitic fluid Intermittently a subicteric tinge Avas noted in the ocular com 
junctiva, but the skin remained free from icterus, and the bilirubin reaction of fhp 
unne »as comtamly negahve Death occurred about sk months Xr the onfe? 
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of S 3 'mptoms, and at necropsy there were found emaciation, a hemorrhagic ascites 
of 10,000 cc , a primary carcinoma of the quadrate lobe of the liver, the size of a 
hen’s egg, many dark green cancer metastases of the great omentum and visceral 
peritoneum, and cirrhosis of the liver The evolution of the primary growth 
could be traced through cirrhosis to nodular hyperplasia and adenoma formation 
to carcinoma Bilirubin was found in abundance in the reticulo-endothelial cells 
of tlie metastases In contrast to this it could be demonstrated only feebly in the 
tumor cells The possibility that the bilirubin in the reticulo-endothelial cells 
occurred as a matter of storage is discredited because there was no dilation of bile 
capillaries in the tumor or m the cirrhotic liver and no bile cylinders in the gall 
capillaries to indicate bile stasis There was, also, no clinical evidence of icterus 
except occasionally in the bulbar conjunctiva The blood serum at no time con- 
tained quantities of bilirubin indicative of icterus, and a similar negative condition 
was found in the urine The author feels justified in concluding that the bilirubin 
in the reticulo-endothelial cells of the metastases is made in loco and that this 
case IS a contribution to the anhepatocellular theorj'^ (Aschoff) of the formation 


of bilirubin 


George Rukstinat 


Assimilatory Growth of Carcinoma W Schiller, Virchows Arch f path 
Anat 292 577, 1934 

The normal course and arrangement of the epithelial fibrils from the normal 
to the carcinomatous epithelium observed at the advancing margin of squamous 
cell carcinomas of the vulva and cervix uteri are interpreted by Schiller as evidence 
of the transformation of normal epithelium into carcinomatous cells For such 
an increase in the size of a carcinoma he prefers the term “assimilatory growth’’ 
to “appositional growth” q -p C(-hultz 


Tumors of the Rete Ovarii J Wallart and S Scheidegger, Virchows Arch 
f path Anat 292 643, 1934 

The authors believe that the rete ovarii is derived from the portion of the 
Wolffian duct that gives rise to the primitive kidney They believe also that the 
structure is not a useless embryonic rest, but a structure that functions actively 
in the sexual activities of woman, although the nature of its function is unknown 
They describe an ovary removed from a 46 year old woman The rete had under- 
gone adenomatous proliferation, all transitions from normal to adenomatous struc- 
tures being evident In some of the branching tubular structures the epithelium 
was multilayered, but in general it consisted of a single layer of very tall columnar 
cells The epithelium formed papillary ingrowths into the lumen of some of the 
spaces In a second case, one of primary bilateral carcinoma of the ovary with 
metastasis m a woman aged 61, the origin is also ascribed to the rete, on the 
basis of the character of the epithelium and of the papillary structures formed by it 

O T Schultz 


Technical 

Confirmatory Test for Syphilis of Witebsky G d’ Alessandro and F Sofia, 
Ztschr f Immumtatsforsch u exper Therap 83 478, 1934 

Witebsky’s confirmatory test (abstr , Arch Path 18 749, 1934) is based on a 
liberation of the antibodies from the precipitate which develops in a flocculation 
test for syphilis The solution containing the liberated antibodies, which is almost 
entirely free from protein, is then used for a complement-fixation test The use 
of a 1 1,000 dilution of solution of formaldehyde in a physiologic solution of 
sodium chloride eliminated certain technical difficulties of the original procedure 
The test eliminated some of the false positive reactions In a few cases of mixed 
syphilitic and gonorrheal infection and of mixed syphilitic and tuberculous infection 
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the serum from which the syphilitic antibodies were removed fixed complement 
specifically with the homologous gonorrheal or tuberculous antigen False positive 
reactions with serums of patients with malaria could not be eliminated by means 
of the test However, a differentiation was possible when an alcoholic extract 
of human red blood cells was used as the antigen The antibody-containing solu- 
tion of the confirmatory test reacted more intensely with the red cell antigen in 
cases of malaria and vice versa in cases of syphilis, while the untreated scrum 
failed to show any differences with the two antigens The test was positive m 
those cases of treated syphilis in wdiicli the Wassermann reaction with the untreated 
serum was positive and the flocculation test negative Addition of normal serum 
which had been treated with normal hjdrochloric acid changed the solution con- 
taining syphilitic antibodies m sucli a manner that it reacted positively in the 
precipitation test but negatively in the complement-fixation test 

I Davidsohn 


The Citochol Flocculation Test tor Svpiiilis R Schmiemann, Ztschr f 
Immunitatsforsch u exper Therap 84 64, 1934 

The new modification of the Sachs-Witebsky citochol test which employs 
0 1 cc of serum and 0 1 cc of a 1 12 dilution of a 3 per cent solution of sodium 
chloride proved more sensitive than the old technic which used 0 025 cc of extract 
in a dilution of 1 3 with physiologic solution of sodium chloride Schmiemann 
found that the new technic permits the use of one-half the amount of serum and 
that it could be successfully adapted for a microscopic slide technic, though there 
is hardly a need for it By the use of proper dilutions of serum, the citochol 
reaction can be well employed as a quantitative test j 
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A Clinical and Experimental Study or the Macrophage System of the 
Lungs in Relation to Recovery from Lobar Pneumonia O H Robert- 
son and Lowell T Coggeshall 

In an earlier study of the pathologj’- of experimental pneumococcic lobar pneu- 
monia in the dog certain striking histologic changes were observed constantly in 
the involved lung at the time of recovery, the nature of which suggested the occur- 
rence of local or tissue immunity In order to determine whether similar changes 
took place in the human lung in lobar pneumonia a postmortem study was made of 
the tissues of forty patients dying at intervals of from six to twelve hours 
to two months after the onset of the disease in whom the approximate age of the 
different lobar lesions had been determined by x-ray pictures made daily during 
life 

Histologic changes analogous to those seen in the dog’s lung were found 
wherever resolution was taking place Often the evolution of the whole process 
could be followed in a single case in which lesions of different ages were present 
The first evidence of reaction consists of an increase in the number of large 
mononuclear cells m the alveolar walls, many of which protrude into the air 
spaces This results m a thickening of the septums As the process develops the 
large mononuclear cells become detached from the alveolar wall and enter the 
exudate where they exhibit the form and phagoc 3 'tic functions of the macrophages 
The latter cells gradually replace the polymorphonuclears, the fibrin disappears 
progressively and the lesion assumes the characteristic appearance of resolution 
The same type of tissue cell reaction was observed m the lymph glands at the 
hilus of the lung 

Sections obtained from six patients who died at intervals of from six days to 
two months following recovery from lobar pneumonia showed a pronounced 
macrophage reaction 

The most striking observation in the study of these human tissues was that 
wherever a well developed macrophage reaction occurred pneumococci were few 
or absent while in most lesions of all ages in which the exudate was predomi- 
nantly polymorphonuclear leukocytes micro-organisms were abundant Such 
marked differences in numbers of pneumococci were observed not only between 
lobar lesions but also at times in different parts of the same lesion where focal 
macrophage reactions were occurring The macrophages were seen to be actually 
phagocytic and showed evidence of effective digestion of the engulfed pneumococci 

Further data on the significance of this reaction were obtained experimentally 
from certain animals in which clearing of one part of the pneumonic lesion 
occurred while spreading took place in another part of the lung The lungs from 
such animals put to death during the active phase of the disease yielded sterile 
cultures from the clearing lesion which showed a marked macrophage reaction, 
while the new lesions contained many pneumococci and exhibited the histologic 
appearance of a spreading process Other experimental evidence was presented to 
indicate that the macrophage reaction represents an immune response 
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DISCUSSION 

P R Cannon What is tlie nature of the mononuclear phagocytes’ 

S C Peacock Are patients with chronic bronchitis or other chronic infection 
of the lungs less susceptible to lobar pneumonia’ 

0 Saphir May the presence of macrophages in the gray stage of lobar 
pneumonia result from organization changes’ 

O H Robertson The phagocytes have been vitally stained, and most of the 
cells in the gray stage of pneumonia are macrophages Patients with chronic 
bronchitis infrequently contract lobar pneumonia This may have some relation 
to the presence of macrophages in these chronic infections Much evidence indi- 
cates that macrophages are concerned with resolution rather than organization 
In the latter, fibroblasts are present The resolving process was studied thoroughly 
in dogs examined in various stages of lobar pneumonia 

Effect of Dissociation or Streptococci on Their Fibrinolytic and Anti- 
riBRiNOGENic ACTIVITY Ruth TuNNicurr 

Tillett and Garner (/ Expo Med 58 485, 1933) have made the interesting 
observation that broth cultures of the beta hemolytic streptococcus of human 
origin rapidly dissolve the normal human fibrin clot With the exception of some 
strains of Staphylococcus aureus other bacteria, including Streptococcus vindans, 
the pneumococcus and most hemolytic streptococcus strains of animal origin, have 
not been demonstrated to have this property of fibrinolysis 

Hadfield, Magee and Perry (Lancet 1 834, 1934) found greater variation in 
the dissolving power of their strains of the hemolytic streptococcus than has been 
described by others They observed that strains virulent for mice, which formed 
colonies corresponding to those called smooth in this country, had the strongest 
fibrinolytic property As their strains became less virulent they became less 
fibrinolytic 

For my tests, strains of the hemolytic streptococcus were grown twenty hours in 
meat extract 1 per cent dextrose broth, pB 7 If they would not grow in this 
medium, 1 drop of defibrinated sheep blood was added to 5 cc of dextrose broth 
The method of Tillett and Garner was followed Since small amounts of blood 
were more convenient the blood was collected from the finger or ear into a 
capillary pipet containing 2 per cent sodium citrate in salt solution Two tenths 
per cent potassium oxalate gave the same results Two parts of blood were 
drawn into a pipet containing 1 part of the anticoagulant and the mixture diluted at 
once with 8 parts of the physiologic solution of sodium chloride and centrifugated 
Four parts of the diluted plasma were then mixed with 2 parts of broth culture 
and 1 part of 0 25 per cent calcium chloride solution m small test tubes The 
mixtures were incubated at 36-37 C The control containing plasma, unin- 
oculated broth and calcium chloride clotted in from five to fifteen minutes When 
the broth cultures dissolved the plasma clot this occurred m from fifteen minutes 
to twenty-four hours after its coagulation 

Seventeen hemolytic streptococcus strains from scarlet fever, erysipelas, septic 
sore throat, malignant endocarditis, septicemia and sore throat were examined 
for their dissolving activity on normal human plasma clot All dissolved the clot 
I find that the strongest fibrinolytic activity is associated with the virulent strains 
which have capsules and produce smooth colonies This property is gradually 
lost as the cocci form more granular colonies and finally colonies that are dull, 
rough and flat with irregular, lacy edges, and as they change from round diplococcic 
forms into the large round or flattened cocci in twisted chains or into the bacillary 
and filamentous forms characteristic of the rough type of streptococcus They 
generally lose their dissolving power before they are completely stabilized as rough 
As the rough forms revert to the smooth, morphologically and colonially, the cocci 
again acquire the power to dissolve the fibrin clot 
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My observations are in accord with those of Dennis and Berberian (/ Expei 
Med 60 581, 1934) that strains of Str viridans do not dissolve the fibrin clot 
but may inhibit its formation This property seems to be associated with the 
smooth type of colony I examined five strains from subacute and malignant 
endocarditis, two from measles and one from sore throat One strain of a non- 
hemolytic streptococcus from endocarditis behaved like the greening cocci Like 
the hemolytic streptococcus, the green-producing streptococcus associates virulence 
with the smooth type of colony As the cocci of smooth strains change into those 
of the rough type they lose virulence and show the same morphologic and colonial 
variations as are seen m rough cultures of the hemolytic streptococcus When 
they revert to the smooth form of colony they also revert morphologically I find 
that the anticlotting property of Str viridans is associated with the smooth virulent 
t 3 ’'pe of colony and as the cocci change into the rough form they lose this property, 
but reacquire it as they revert to the smooth type 

Although the greening colonies may appear smooth for several days, if the 
broth culture does not prevent clotting of the plasma rough projections with 
their bacillary forms will be seen at the edge of the colony, generally within a week 

To determine whether a streptococcus broth culture is of the smooth or of 
the rough type it is advisable to plate onto blood agar and examine with a culture 
microscope for rough colonies 

Suminaiy — The fibrmolvtic activity of the hemolytic streptococcus appears to 
be associated with the virulent smooth type of colony The power is lost as the 
colony becomes rough, and is regained as it reverts to the smooth form 

Str viridans does not have power to dissolve the fibrin clot but may prevent 
its forming This antifibrmogenic activity is associated with the virulent smooth 
type of colony, is lost as the colony changes to the rough aviiulent form, and is 
regained as it reverts to the smooth type 

DISCUSSION 

O H Robertson Have you studied the fibrinolytic and antifibrinogemc 
properties of various immune serums? 

R Tunnicliff I have made no such studies 

Renal Denervation Effect or Daily Injections of Coion Bacilli and 
P iTRESSiN ON THE Denervated Kidney OF THE DoG George AIilles and 
Maurice Hardgrove 

The article appeared in full in the October 1935 issue of the Archives, 
page 548 

DISCUSSION 

H Jaffe These experiments should be tried on animals that are not so 
prone to spontaneous fibrosis of the kidneys 

G Milles We consider the experiments adequatelj' controlled even though 
dogs only were used 

Cyanotic Atrophy of the Liver A Wax Model Reconstruction C S 
Hagerty and J W Devereux 

This article will be published m full in the Archives of Pathology 

Suppurative Aortitis Report of Two Cases Marshall Q Baker 

Two cases of suppurative aortitis are described, both associated with pre- 
existing syphilitic aortitis 

Rupture of the supravalvular portion of the aorta with hemopencardium 
occurred m one The causative micro-organisms (pneumococci and streptococci) 
were demonstrated and the probable pathogenesis W'as indicated in each one 

The condition has never been diagnosed clinically, always being discovered 
incidentally post mortem 
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Carcinomatous Cirrhosis of the Lher with Sarcomatosis or the Pfritonfum 
S Sanes and E F Cook 

A case is reported because of the occurrence of two different types of malignant 
neoplasm with typical atrophic cirrhosis of the liver That a pathogenic relation- 
ship exists between Laennec’s cirrhosis and primary carcinoma of the Iner is 
generally recognized Whether the association of an endothelial sarcoma of the 
peritoneum with the cirrhosis in this case was more than a coincidence seemed an 
interesting point for discussion 

An Italian, 57 years of age, was admitted to the hospital on Nov 29, 1934 
All Ins adult life he had partaken of wine and whisl<y daily He first began to 
lose weight and strength m 1932 In March 1934 he complained of cramplike 
abdominal pain, diarrhea and bloating The liver and spleen were distinctly 
palpable, the legs were edematous Fluid was demonstrated in the abdominal 
cavity Urobilinogen was present in the urine, the van den Bergh reaction was 
positive In the last six months of the patient’s life fluid accumulated rapidly in 
the abdominal cavity Samples obtained by paracentesis showed no tumor cells 
The patient died rather suddenly 

The anatomic diagnosis was marked Laennec’s cirrhosis of the liver with 
typical small-nodular regeneration , chronic splenic tumor (600 Gm ) , varices of 
the lower esophageal veins with recent rupture m one vein, marked gastro- 
enterorrhagia , slight icterus of the skin, multiple carcinomatous nodules in the 
liver, ranging from walnut size to small peach size and showing distinct necrosis 
and icterus (cirrhosis caremomatosa) , primary endothelial sarcoma of the omen- 
tum, mesentery and entire visceral and parietal peritoneum, hemorrhagic ascites 
(2,000 cc) 

The omentum, mesentery, visceral and parietal peritoneum were studded with 
tumor nodules ranging from pea size to cherry size Many were pedunculated 
and hemorrhagic Their surfaces were smooth, their consistency, firm, their 
color, grayish Several nodules floated in the ascitic fluid Where the peritoneum 
presented no nodules it was opaque No metastases were found in lymph nodes 
Histologically the tumor proved to be an endothelial sarcoma In unmvolved 
areas of the peritoneum there was a distinct proliferation of serosal cells They 
were increased in size and formed several layers The subserous tissue was 
distinctly thickened It contained many dilated lymphatic vessels A few of these 
were lined with hyperplastic endothelial cells The tumor nodules themselves 
disclosed various stages of growth In the immature type the cells varied in 
shape and size They were predominantly fusiform or polyhedral Syncytial 
processes could be seen Uninucleated and multmucleated giant cells were present 
m abundance Silver impregnation stains revealed reticulum fibers in the stroma 
The cells in the mature type were practically only fusiform , they appeared to 
be arranged in bundles Small capillary vessels were prominent Invasion of 
the outer muscle layer of the intestine had taken place 




K Te^lan Macroscopically this case was first a diagnostic problem The 
primary character of the multiple nodular tumors of the mesentery and omentum 
was readily recognized The soft tumor nodules in the cirrhotic liver, howeve? 
were first thought to be metastases of the peritoneal sarcoma Although the 
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combination of these two different malignant blastomas in a case of Laennec’s 
cirrhosis is certainly most unusual and known to few, if known at all, the temp- 
tation is great to look for some pathogenic relationship between this primary 
sarcoma of the peritoneum and chronic ascites from atrophic cirrhosis In chronic 
ascites from portal obstruction distinct thickening of the visceral and parietal 
peritoneum, so-called plastic peritonitis, is usually observed It is believed that 
this proliferation of the mesothelial and subserous mesenchymal cells is a resorp- 
tive ( ?) effect of chemical (toxic) irritation rather than of continuous pressure 
from the large volume of fluid alone Thus this prolonged irritation of the lining 
surface of the peritoneal cavity could be considered as one factor bringing about, 
besides mere hyperplastic thickening of the serosal cells, true blastomatous pro- 
liferation A second point of interest is that lymphogenic and hematogenous 
metastases from the primary peritoneal sarcoma were not discovered 

Pathology of Yaws, Especially the Relation of Yaws to Syphilis H U 
Williams 

This article appeared in full in the October 1935 issue of the Archives, 
page 596 

Fat Content in the Blood of the Right Side of the Heart in a Case of 
Fatal Fat Embolism K Terplan, R S Hubbard and C T Javert 

This case is presented for two reasons The diagnosis of fat embolism was 
made on gross inspection of the blood in the right side of the heart, and the fat 
content of the blood from the right ventricle was quantitatively determined 

A white man, 70 years of age, was injured in an automobile accident A fever 
of 101 F developed, the pulse rate was 80, the respirations 18, the blood pressure 
62 systolic and 40 diastolic The fever rose to 105 F, and the patient died about 
four hours after the accident The chief observations post mortem were 
a depressed fracture of the frontal bone, fractures of the seventh cervical and the 
seventh to tenth thoracic vertebrae, multiple fractures of the right femur and 
patella, minor contusions and lacerations, subarachnoid hemorrhage and lacerations 
of the frontal lobe The right side of the heart and the pulmonary artery con- 
tained fluid blood with innumerable fat globules on its surface The fluid blood 
in the left ventricle and aorta did not contain visible fat The foramen ovale was 
closed The lungs felt greasy to palpation Fa| was readily demonstrated m the 
pulmonary capillaries m stained sections but not in the brain or in the blood 
obtained from the left ventricle 

Blood taken from the right ventricle and pulmonarv artery was chemically 
analyzed The specimen, measured in a graduated cylinder, consisted of approxi- 
mately 8 cc of a mixture of gross fat and partially hemolyzed blood There was 
no evidence of the presence of an emulsion, as drops of fat were floating on the 
surface of the liquid 

The material and container were repeatedly extracted with a mixture contain- 
ing 3 parts of alcohol and 1 part of ether The extract was evaporated to dryness 
and the residue taken up with ether After further purification by repeated 
evaporation and resolution in ether the exti acted lipoids were dried on a water 
bath and brought to constant weight in a desiccator The hpoid recovered 
weighed 1 251 Gm 

One and one-tenth grams of the material was found to be in the form of 
“total fatty acid” (Bloor, W F , Pelkan, E F, and Allen, DM/ Biol Cliem 
52 191, 1922) Titration with sodium nlcoholate in benzene showed that none of 
this was m the free form Also present were 0 67 mg of organic phosphorus 
(Harnes, A R / Biol Chein 77 405, 1928) and 11 mg of cholesterol (Bloor, 
W R / Biol Cliem 24 227, 1916) The iodine number (Ralls, JO/ Am 
Cliem Soc 121, 1934), corrected for the cholesterol, was 55 3 This corresponds 
to that of a mixture of glycerides of stearic and oleic acid containing 64 per cent 
triolein 
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There was less pigment soluble in petroleum ether than was found m a com- 
parable amount of fat extracted from normal blood Tliere was, liow'cver, a small 
amount of a pigment present winch w'as not found m fat from normal blood 
This pigment w'as yellow'-brow'ii and was casil)' soluble in ethyl ether but insoluble 
in petroleum ether 

Blood from the right \entricle of a patient dying from fat embolism contained 
betw'een 15 and 16 Gm of fat per hundred cubic centimeters of fluid Tlie extra 
hpoid W'as in the form of a neutral fat with a fairly low’ iodine number 



Obituaries 


EDWIN RAYMOND LeCOUNT 
1868-1935 

Edwin Raymond LeConnt was born m Wisconsin on April 1, 1868 
He enteied Rush Medical College from Cairoll College at Waukesha, 
Wis, 111 1889 and received his medical degiee m 1892 A yeai and a 
half latei he completed his internship in the Cook County Hospital 

At that time the instruction m pathology in Chicago was at the best 
ludimentary and superficial In the hospitals there weie no pathologic 
examinations with one glorious exception the demonstrations b}^ Chris- 
tian Fengei m the neciopsy room of the Cook Count) Hospital and m 
connection with his surgical clinics By aiousing inteiest in pathology 
and m a deepei undei standing of disease, this mastei pathologist pro- 
foundly influenced the ideals and caieers of many young physicians, 
including Dr LeCount Theie was then haidly any sustained or sys- 
tematic medical research of any kind m Chicago , with lai e exceptions, the 
output consisted of leports of clinical observations But the end of 
a period m Amei ican medicine was at hand , a new era was coming with 
new facilities and fiesh enthusiasm Putting his tiust m the future, 
Dr LeCount, soon aftei his internship, began woiking m pathology 
at Rush Medical College, which he was to seive faithfully to the end 
of his days Since about 1902 he had chaige of the woik in pathologic 
anatomy 

He at once set to work to strengthen his fundamental tiainmg He 
developed a concise and orderly style of Avnting He mastered French 
and German when he realized his need of direct access to the medical 
literature in these languages He spent seveial months in Dr Welch’s 
laboratory m the Johns Hopkins Hospital He acquired and maintained 
a lemarkably good understanding of the chemical, ph 3 '^sical and micio- 
biologic factors in pathologic morphology His two periods of study 
in Europe weie centeied, one on microbiology at the Pasteui Institute 
m Pans m 1896, and the other on chemistiy in Berlin and Halle m 1905 
He became essentially a pathologic anatomist of the classic type, devoted 
primal ily to teaching and advancing the knowledge of the moiphologic 
aspects and genesis of the structural changes in disease and injury He 
accumulated a iich and varied experience in the laboratory as hospital 
pathologist and as physician to the coroner’s office of Cook County 
for thirteen }ears (1911 to 1924) He set a high standaid for neciopsy 
and foi necrops}' lecords In connection with his medicolegal work, he 
dcA eloped a well organized sj’^stem of A'olunteer assistantships The duties 
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were indeed aiduous, but the oppoitunities to learn wcic so atti active 
that theie lle^el ^\as any lack of acceptable applicants The woik began 
between 4 and 5 o’clock in the inoining, so that it might be finished 
befoie the houi of the legulai couise in pathologic anatomy So tiieless 
was Di LeCount’s industi}, so fully bad he taken himself m hand, that 
duiing these yeais he losc shoitly bcfoie 4 o’clock In the com sc of 
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Ills medicolegal service he gathered a leniaikable senes of lecoids of 
cases (99 volumes, fully indexed), which form a copious souice of 
nforiiiahon concerning the pathologic anatomy of medicolevaTcondf 
tioiis He was engaged in the study of this material to the“ la r ^ i 

L«mer“f n^irar of'rrr ~ 

abdomen siinriltaneotly ^ and 
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As the years passed he developed into an aiithonty in piactical pathol- 
ogy, clinical and medicolegal His experience, the skill and thoroughness 
of his examinations, his wide knowledge, his refusal to come to any 
final decision m the absence of conclusive evidence and the soundness 
of his judgments gave him the standing of a supieme judge in questions 
of diagnosis on a stuictuial basis 

The plan Di LeCount eventually followed m teaching pathologic 
anatomy was m brief to give each student full oppoitunity to leain 
thiough his own eflPoits — no so-called spoon feeding “The mateiials aie 
hefoie you What do }ou see and what does it mean^ Here aie refer- 
ences to the hteiature ” It was an earnest effoit to get the leal work of 
the course done by the student himself He frequently told his students 
that he would not “lob them of the joy of discovei} ” To many students 
the plan was not immediately acceptable , they expected to receive more 
diiect instruction, to be told moie about what they were supposed to 
discoA^er and to mteipiet Man} were not satisfied with their own efitoits 
Perhaps the method was too difficult, at least m some cases But on 
the whole a consensus developed, which giew stiongei with time, that 
the method was fai more effective than anticipated “He made me 
think,” “he taught me to see foi myself,” “he tiained me to discovei 
moibid changes independently” aie comments that illustrate the feeling 
of former students as time lengthened their peispective No higher 
praise could be given, and the records of his students and assistants 
leave no doubt of the great value of his teaching He was tireless m 
his efforts to aiouse m them the spirit of investigation Indeed, his 
whole plan of instruction was based on independent effoit Probably 
not a single class completed his couise without one oi moie membeis 
being singled out for special work, usually on remarkable cases oi on 
some concrete problem The “Transactions of the Chicago Pathological 
Society” contain many repoits of such work Many clinicians and 
pathologists, including not a few of both gioups who aie now m impoi- 
tant academic positions, leceived through him the mtioductory investi- 
gative stimulus The A^alue of this influence m the promotion of lesearch 
cannot be overestimated 

Significant of Dr LeCount’s deep concern m lesearch at an early 
stage m the medical career is his gift in 1931 of $10,000 to the Institute 
of Medicine of Chicago “for a trust fund to bear the name of Joseph 
Almarm Capps, with the provision that the income from the fund be 
used to establish a piize to be awarded each year for the most meritorious 
investigation in medicine in Chicago completed within two years after 
graduation by a graduate of a medical school in Chicago ” So far four 
Capps prizes of $500 each have been awarded 

Dr LeCount himself made important contributions to pathology His 
studies of the microscopic lesions in Rocky Mountain spotted fever, based 
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on matenal furnished him by Howaid T Ricketts, and of the eaihest 
changes in the lungs in influenza aie especially notewoithy He lecoided 
obseivations of gieat value on coma, injuiies and embolism In 1934 
the medical faculty of the Univeisity of Cincinnati liestowcd on him 
the James E Stacy Awaid foi “his expeiimental studies on the isolation 
of stieptococci fiom soie tin oats and the expeiimental induction, thiough 
then injection, of acute, healing and scan mg tipes of nephntis, identical 
with foiins of chionic nephntis obseived m man ” 

Di LeCount dealt earnestly with facts and situations, and he pin sued 
his objectives in a distinctive and deteimincd wa\ Ele was also of a 
highly sensitive natuie and subject to leactions of a defensive tendency, 
which sometimes may have been misunderstood In the midst of the 
day’s work he might be blunt and abrupt, but beneath the siiiface beat 
a waini and kiiidh lieait Children loved him instinctively, and he liked 
old people He was unassuming, geneioiis, helpful To his fi lends he 
was flank and finely loyal Smceiity, high standaids and an iindci lying 
idealism guided his eoiiise Ludvig Hdktoen 
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Unfall und Hirngeschwulst Em Beitrag zur Aetiologie der Hirn- 
geschwulste By Prof Dr Otto Marburg, Vorstand des Neurologischen 
Institutes der Wiener Universitat Price, 8 80 marks Pp 106, with 12 illus- 
trations Vienna Julius Springer, 1934 

The question of the relationship of trauma to the subsequent development of 
neoplasms is one of great interest, particularly to the pathologist and those con- 
cerned with the legal aspects of medicine In this short monograph Marburg is 
concerned with the relationship between injuries of the head and the development 
of tumors of the brain Following a discussion of the neuroglia and its develop- 
ment he presents three cases of his own, one of a medulloblastoma of the cerebellum, 
one of a “polymorph celled” glioma and a third m which the exact nature of the 
tumor IS not clear In all three cases the manifestations of the tumor were preceded 
by an injury to the head 

The author then presents a review of similar cases reported in the literature 
In all, he has collected about one hundred and forty-one instances m which some 
injury preceded the appearance of the cerebral neoplasm Each case is briefly 
abstracted Following a discussion of these cases Alarburg considers at some 
length the pathogenesis of tumors of the brain, particularly gliomas, and the rela- 
tionship of their development to trauma His conclusion is that there can be no 
doubt of the connection between injuries of the head and the de\elopment of intra- 
cranial neoplasms The influence of such trauma he believes may be exerted in 
two ways Either the trauma may disturb an existing embryonic rest, causing it 
to undergo neoplastic changes, or the trauma mav produce some structural change, 
a scar or the introduction of a foreign body, which may stimulate the tissues to 
neoplastic formation 

The presentation of this material, although a valuable expression of opinion 
from the leading Austrian neuropathologist, should not be accepted without serious 
consideration The mere temporal relationship between a given injurv and the 
development of a tumor does not establish the trauma as the causative factor Such 
“post hoc” argument is among the most common and dangerous in medicine Until 
definite proof, such as that persons Avho have suffered from severe injuries of the 
head are more subject to the development of intracranial tumors than other persons, 
IS forthcoming, the thesis that such tumors may develop as a result of trauma must 
be considered as unproved At the moment evidence seems to be pointing aw'ay 
from any real causative relationship betw'een tiauma and the development of 
neoplasms 

Die Hormonforschung und ihre Methoden Max Reiss, Dr med , Dr rer 
nat , Privatdozent fur pathologische Physiologic an der Deutschen Universitat 
m Prag Price, 19 marks Pp 415, with 26 illustrations and 7 charts 
Berlin Urban & Schw'arzenberg, 1934 

Reiss, who was associated wuth Arthur Biedl for a number of 3 'ears, set out 
to w'rite a brief and compact book on internal secretion that would include (a) the 
established results and (b) the methods of physiologic investigation The book 
was meant for the research worker Another aim of the book was to include the 
methodological experience that accumulated in the course of years m Biedl’s 
institute 

The results of physiologic, pharmacologic and chemical phases of hormonal 
research are discussed in the first part of the book in 261 pages The thyroid, the 
parathyroids, the thymus, the hypophysis, the adrenals, insulin and the ovarian and 
testicular hormones are treated with a clarity and completeness that are admirablj"' 
combined with economy of words and space The book can be highly commended 
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for the sobriety of its approach and for its critical analysis of the difficult and, 
in places, vague subject Still more valuable than the first and theoretical part is 
the second part of the book, which in 142 pages treats of the methods used in endo- 
crinologic research A number of methods arc presented for each procedure, with 
a critical discussion of their merits and shortcomings 

Some readers will welcome the inclusion of earlier methods, not so much for 
their practical value as for reasons of historical interest lo have so many 
technical details compiled m a handy volume will prove helpful to many The 
style of the author is vciy cleat I'xhaustnc bibliographic references and eighteen 
columns of a subject index arc appended A stimulating two-pige discussion of 
the relation between endocrmologic research and medical practice concludes the 
book 

Contribution a I’etude de la variabilite du virus tuberculeux By P Denj s 
Pp 90, with 6 illustrations Louvain Iinpnmenc Saint-Alphonsc, 1935 

The general conclusions from tins thesis are Ihc cariabilitj of a microbic 
species manifests itself principally in its morpiiologic, cultural and serologic char- 
acteristics, as well as m its pathogenic power T hese are the different aspects of 
the problem of variabilitv wdiicli IiaNC been studied witli reference to the bacillus of 
tuberculosis Tiic experiments show' that its attnlnitcs are highly variable, so 
that it IS possible to transform a tyincal Koch bacillus to a bacillus which has all 
the characteristics of a paratulierculous saprophyte In a study of the variations 
of B C G it has been found that it is possible to modify its cultural and biochemical 
characteristics and at the same tunc to induce it to acquire pathogenic power, no 
doubt rather low' but superior to that of the nonmodified strain It has not been 
possible to secure any evidence of a tuberculous ultra\irus Ihis problem requires 
new investigations in w'hich consideration should be given to recent w'ork on sponta- 
neous infections of guinea-pigs 
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Laborator\ Manual or the Department or Bacteriology and Immunologt, 
Peiping Union Medical Coliege Prepared under the direction of C E Lim, 
Head of Department Second edition Price, $1 50 Pp 190 Peiping, China 
Kwang Yuan Press, 1935 

Ear Exostoses Smithsonian Miscellaneous Collections, Vol 93, No 6, Publ 
3296 Ales Hrdlicka, Curator, Division of Physical Anthropology, United States 
National Museum Price, 50 cents Pp 100, with 5 plates Washington, D C 
Smithsonian Institution, 1935 

Reports of the Committee upon the Physiology of Vision, XIV Char- 
acteristics OF Dichromatic Vision with an Appendix on Anomalous 
Trichromatic Vision Medical Research Council, Special Report Series, No 200 
F H G Pitt Price, Is 3d Pp 58 London His Majesty’s Stationary Office, 
1935 

RePERTORIO SISTEMATICO DEI MICETI DELL-UOMO E DEGLI ANIMALI ArtUrO 

Nannizzi Price, 100 lire Pp 556 Siena s a pohgr Meini, 1934 

Rontgenbefund und pathologisch-anatomisciier Refund bei Lungen- 
krankheiten Versuch einer kritischen Vergleichung Dr med Max 
Verse, o o Professor der allgemeinen Pathologic und pathologischen Anatomic, 
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J R E MORGAN, MD" 

BOSTON 

For the past few years the various phases of the abnormal body states 
arising as a result of a paucity oi an excess of the secretion of the para- 
thyroid glands have intrigued investigators in all divisions of medical 
science Many aspects of the problem have been studied and solved 
by the cooperation of physiologists, biochemists, endocrinologists, roent- 
genologists and surgeons There remain, however, the pathologic study 
and classification of the parathyioid glands fioin patients who have 
suffered from an excess or abnormal secietion of these glands At the 
time this study was undertaken, no acceptable classification of para- 
thyroid tumors was available, but during the course of our investigations 
Castleman and Malloiy^ presented their work on this phase of the 
problem In this report the workers collected from the literature and 
summarized 160 cases of disorders that were proved to be or that were 
probably hyperparathyroidism Since this summary contains all the 
important data and is readily available, our work covering these cases 
has been deleted To these cases Castleman and Mallory added 25 of 
their own, making a total of 185 The greatest numbers of cases pie- 
viously reported were 5 by Hunter and Turnbull - and 6 by Bergstrand 


HISTORY 

The principal points of historical interest concerning the discovery 
and development of knowledge of the normal gland have been reviewed 
in another publication * A large number of papers have been wi itten 


* Littauer Fellow in Pathology, Harvard University 

From the pathological laboratories of the New England Deaconess Hospital, 
the New England Baptist Hospital and the Pondville State Hospital 

1 Castleman, B, and Mallorj, T B Am J Path 11 1, 1935 

2 Hunter, D , and Turnbull, H M Brit J Surg 19 203, 1931 

Bergstrand, H Acta med Scandinav 54 539, 1921, Endocrinology 6 477 

Gq Scandmav 5 52, 1928, Acta med Scandmav’ 

76 128, 1931 , Am J Cancer 21 581, 1934 

4 klorgan, J R E Arch Path, to be published 
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on the vaiious aspects of paiathyioid disease, and since man}- excellent 
histoiical reviews of the subject ate leadily available further repetition 
IS unnecessai} It is of inteiest, however, to note that the fiist para- 
thyioid tumor was not desciibed until 1900 (de Santi^), and it ^\as 
not until 1925 that Mandl ® definitely i elated hyperparathyroidism to 
generalized osteitis fibiosa C 3 '’stica Among the moie comprehensive 
wiitings aie those of Albright and his co-woikeis," Colhp,® Hunter and 
Turnbull," Beigstiand,^ Welti,® Jung,^® Churchill and Cope,^^ Com- 
pere and Castleman and Malloiy ^ The lecent publication by the lattei 
two investigators contains an excellent review of the literature to date 

REPORT or CASES 

This lepoit piesents 6 cases of parathyroid tumor with associated 
h 3 fperparathyioidism Five of the cases were m patients of the Lahey 
Clinic, and m each one Dr Frank H Lahe 3 found and removed a para- 
thyroid tumoi The sixth case was discoveied onl 3 ^ at autopS 3 '^, the 
roentgenologic observations having been misinterpreted owing to an asso- 
ciated carcinoma of the bieast 

Case 1 — A white woman, aged 62, entered the New England Deaconess Hospital 
for treatment of vulvovaginitis Routine examination revealed marked kj'phosis, 
loss of stature and rarefaction of all bones except those of the skull and feet 
The serum calcium was 14 mg per hundred cubic centimeters , the phosphorus, 
2 mg, and the phosphatase elevated The calcium balance was negative H 3 "per- 
parathyroidism was diagnosed 

There was no palpable tumor, but an exploratorj' operation revealed below 
the lower left lobe of the thyroid a mass which extended down into the anterior 
part of the mediastinum and was distinctly separated from the thyroid except 
for blood vessels and areolar tissue On the third day after operation the serum 
calcium was 9 8 mg , and mild tetany was present Later the serum calcium fell 
to 7 1 mg , and the phosphorus rose to 2 4 mg With adequate treatment the 
patient made a good recovery and was discharged four weeks after operation 

5 de Santi Internat Centralbl f Laryng u Rhin 16 546, 1900 

6 Mandl, F Wien khn Wchnschr 38 1434, 1925 Zentralbl f Chir 
53 260, 1926 

7 Albright, F , Bloomberg, E , Castleman, B , and Churchill, E D Arch 
Int Med 54 315, 1934 Albright, F , Baird, P C , Cope, O , and Bloomberg, E 
Am J M Sc 187 49, 1934 Albright, F , Aub, J C , and Bauer, W JAMA 
102 1276, 1934 Albright, F New England J Med 209 476, 1933 Bauer, W , 
Albright, F , and Aub, J C J Clin Investigation 8 229, 1930 

8 Colhp, J B J Biol Chem 63 395, 1925, Medicine 5 1, 1926, Canad 
M A J 24 646, 1931 

9 Welti, H Chirurgie des parathyroides, in Rapport, Association frangaise 
de Chirurgie, XLII Congres frangais de Chirurgie, Pans, Brodard & Taupin, 
1933 

10 Jung, A Chirurgie des parathyroides, in Rapport, Association frangaise 
de Chirurgie, XLII Congres frangais de Chirurgie, Pans, Brodard & Taupin, 
1933 

11 Churchill, E D, and Cope, O Surg, Gynec & Obst 58 255, 1934 

12 Compere, E L Surg, Gynec &. Obst 50 783, 1930 
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Gioss Descnptwu—The. tumoi mass measured 3 by 2 by 15 cm, was well 
encapsulated and of a ^eIlo\\lsh-plnk mottled color The tissue was soft and on 
section bulged slighth above the cut surface Sections for microscopic study were 
taken from each end of the tumor, one of which w'as a deeper ^ellow' than the other 
Miooscoptc Dcscnptwu of Section A — Section A (fig 1 A) consisted almost 
entireh of transitional oxjphil cells which W'ere shghtl> larger than normal, 



Fig 1 (case 1) — A, parathyroid adenoma, X 275 Note the uniformity of the 
cells and the irregularity of the fibrous tissue This is a hematoxylin eosm 
preparation The granules are unstained B, marked cellular variability , X 825 
Note the nuclear gigantism and multiplicity 

■varying from 9 to 16 microns in diameter, with the average cell measuring about 
12 microns The cells varied in shape from round to polygonal, with the cell 
membrane usually distinct With the modified Mallorv stain the cytoplasm 



826 


ARCHIVES OF PATHOLOGY 


contained a variable amount of reddish granular material The nuclei were slightly 
larger than normal and, though chiefly of the dark type, other transitional forms 
were also present Scattered throughout the section were a few principal and 
oxyphil cell forms The latter cells had an average diameter of about 18 microns 
and except for a slight increase in size and diminution in intensity of granular 
staining were similar to the normal oxyphil cell 

The stroma was irregular m amount and distribution, being thick and col- 
lagenous in some areas and thin and stringy in others This fibrous tissue divided 
the cells into irregular cords and clumps, with a few alveolar structures also 
present The acinar walls were composed of transitional oxyphils with an occasional 
mature oxyphil form and, though many acini were empty, some contained a clear 
colloid substance The vascular network showed a moderate increase in amount 
and an irregularity of vessel caliber and distribution A few fat cells, singly 
and in small groups, were also scattered throughout the tissue 

Summary This section of the tumor was composed chiefly of transitional 
oxyphil forms with a few normal principal and oxyphil cells also present There 
was moderate and irregular increase m the vascular supply and fibrous tissue 
stroma The cells contained no mitotic figures nor did they present evidence of 
active proliferation 

Diagnosis Transitional oxyphil cell adenoma 

Mtaoscoptc Desct iptwn of Section B — The cells of this section (fig 15) 
were so heterogeneous and variable that their description is difficult The most 
striking feature was the magnitude of the cells, many of which measured up to 
50 microns m diameter, with the average cell diameter being about 25 microns 
The amount of cytoplasmic granularity was extremely variable, ranging from a 
closely packed mass of acidophilic granules to a perfectly clear ballooned cell 
The nuclei presented the most distinctive features, being chiefly large, round or 
oval and taking a pale stain Most of the nuclear chromatin consisted of finely 
divided sandlike particles, but a few pyknotic nuclei were also present The 
nuclei measured from 6 to 20 microns in diameter with an average of about 12 
microns, and each contained from 1 to 4 bright red irregular nuclei which were 
slightly larger than normal Many of the cells had multiple nuclei, the number 
ranging from 2 to 6 

The fibrous tissue stroma presented a slight increase in amount and was 
irregularly distributed The cells presented a protean arrangement with no alveolar 
formation As in the other section, the vascular supply was increased in amount 
and irregular in distribution 

Summary The majority of cells most closelv resembled the transitional 
oxyphil type but showed giant forms with nuclear gigantism and multiplicity 
There were no mitotic figures, but the multmucleated cells were mdicativ^e of 
amitotic division There was a slight irregular increase in fibrous tissue and 
vascular supply 

Though the two sections were taken from the same tumor and classified as 
being of the same type (transitional oxyphil), there was a marked v'ariation in cell 
forms Section B showed a much greater variation in cell types from one area 
to another and often within the confines of a single low power field 

Diagnosis Transitional oxyphil cell adenoma 

Case 2 — A white woman, aged 52, entered the New England Baptist Hospital 
with the complaint of pain m the knees and neck and partial loss of function 
of V'arious joints Examination revealed marked arthritic changes of the cervical 
vertebrae, decalcification of the femurs and crepitation and thickening of the 
sjnovial membrane of the knee joints The serum calcium was 12 5 mg, and 
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the phosphorus and phosphatase were withm normal limits The calcium balance 
was negative Tlie diagnosis was atrophic arthritis and hjperparathyroidism 

There was no palpable mass, but at operation the right inferior parathyroid 
ivas found to be greatly enlarged On the second day following operation the 
serum calcium was 109 mg and the phosphorus 2 8 mg The patient did not 
have tetany and on discharge, ten days after operation, had normal amounts of 
serum calcium and phosphorus 

Gwss DcscnpUon — ^The tumor consisted of a rounded, fully encapsulated mass 
of tissue measuring 1 cm m diameter It was modcrateK firm in consistency 
and of a reddish-brown mottled color Section revealed a reddish-brown mottled 
moist surface which bulged slightly 

Mictoscopic Dcsaipfwn — All cells of this tumor corresponded to the types 
seen in the normal gland There was, ho\ve\er, a great preponderance of oxyphilic 
forms, both transitional and mature, with comparatively few principal cells 
Except for an occasional 'i.Kjassci hcllc form, all cells contained red granules 
which stained slightly lighter than normal Virtually every cell was largei than 
its normal prototype, with many of the oxy phil forms measuring up to 30 
microns m diameter The nuclei were for the most part large, round and swollen, 
with a light staining leaction, and from 1 to 3 prominent, deeplv acidophilic 
nucleoli An occasional oxvphil form was present wdneh contained 2 or 3 large 
pale nuclei, but no mitotic figures were seen 

The fibrous tissue stroma ivas in some areas irregularly thickened and in 
others stringy' and less abundant This tissue divided the cells into irregular 
clumps and masses with no definite arrangement or alveolar structures present 
The sinusoidal capillaries showed a marked variation m caliber and regularity of 
distribution 

Summary Most cells were of the transitional oxyphil tvpe with a slight 
but definite increase in size Cellular gigantism and nuclear multiplicity were 
present but not frequent There was an irregular increase m fibrous tissue and 
vascular supply No mitotic division was demonstrable 
Diagnosis Transitional oxvphil cell adenoma 


Case 3 — A white woman, aged 48, entered the New England Baptist Hospital 
with a palpable adenomatous goiter and a complaint of nervousness, pain in the 
legs and a loss of 40 pounds (181 Kg) m weight over a period of ten years 
During the six years previous to admission she had suffered from three spontaneous 
fractures Physical examination revealed kyphosis, lordosis and scoliosis, short- 
ening and inversion of the right leg, compression of vertebrae, typical roent- 
genologic evidence of generalized osteitis fibrosa cystica, adenomatous goiter, 
generalized arteriosclerosis, hypertension, etc The serum calcium was 11 3 mg 
and the phosphorus 3 mg 

At operation two adenomatous nodules were removed but were proved by 
frozen section to be thyroid tissue Further search revealed a firm hard nodule 
in the substance of the right upper pole of the thyroid, which on section proved 
to be parathyroid tissue Following parathyroidectomy the serum calcium fell to 10 
mg and the phosphorus to 1 9 mg The patient had a normal convalescence and was 
discharged sixteen days after operation 


G7 0 SS Desaiptwn—Tht specimen consisted of a small rounded piece of firm 
reddish-brown mottled tissue which measured 0 7 cm m diameter Section revealed 
a homogeneous tissue with a moist, smooth, reddish-brown mottled surface 
Mtooscopic Desci I ption —The tissue consisted chiefly of dark princioal and 
transitional oxvphil cell forms with but few light principal and mature oxyphil 
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cells present The cells showed a slight but definite increase in size, and scattered 
throughout the tissue were small irregular clumps of giant transitional oxyphil 
forms which measured up to 30 microns in diameter These cells contained from 
1 to 4 nuclei with prominent nucleoli and measured from 6 to 20 microns in 
diameter The intercellular fibrous connective tissue stroma was markedl}" variable 
in amount and distribution, being in broad collagenous sheets in some areas and 
thin stringy wisps m others The cells were divided into irregular clumps and 
groups with no appreciable attempt at follicle formation The vascular supply 
through the dilated sinusoidal capillaries was irregularly distributed 

Summary Though the majority of the cells were of the transitional oxyphil 
type, the presence of large numbers of dark principal cells, which were also 
transitional forms, indicated that this tumor more closelv approached the normal 
gland cell type Cell hypertrophy with nuclear gigantism and multiplicity was a 
prominent feature The fibrous tissue stroma and vascular supply were both 
increased and irregularly distributed throughout There was no mitotic activit}’’, 
but amitotic division was present 

Diagnosis Transitional oxyphil cell adenoma 

Case 4 — A white woman, aged 52, was admitted to the New England Deaconess 
Hospital with a history of intermittent pain in the left epigastric region for 
sixteen years Examination revealed an irritable colon and stricture of the anal 
sphincter Routine investigation showed an anterolateral bowing of the left 
tibia, narrowing and rarefaction of the vertebrae, shortening of the right leg 
and mottling of the bones of the vault of the skull, ilium and sacrum The serum 
calcium was 14 1 mg and the phosphorus 2 1 mg 

An exploratory operation was performed, and a tumor the size of a lima 
bean was found in the position of the right inferior parathyroid During con- 
valescence the serum calcium fell to as low as 7 8 mg , and a slight degree of 
tetany was elicited Recovery Avas uneventful, and the patient Avas discharged 
with normal amounts of serum calcium and phosphorus 

Gi OSS Dcsct iphon — The specimen consisted of an encapsulated bean-shaped 
piece of soft, yelloAVish amber-colored tissue AA'hich measured 1 5 cm in its 
greatest diameter On section the tumor presented a moist homogeneous jellow 
surface 

M\c) oscopic Dcscnpfioii — The majority of the cells in this tumor most closelj’^ 
resembled the pale principal type Though a feAv dark principal cells AA'ere present, 
there Avere no mature oxyphils and only a fcAv transitional oxvphil forms Many 
of the cells Avere of normal size, but the majority had a slightly larger diameter 
The cj^toplasmic detail AA^as poor, and the cell outline AA^as often indistinct The 
cell diameter measured up to 14 microns, and the prominent nuclei measured up to 
9 microns Most of the nuclei Avere larger than normal, pale staining and finelj'^ 
granular Only occasionallv did a cell contain more than a single nucleus 

There AA^as a slight, irregularly distributed increase in fibrous connective tissue 
stroma, and though most of the cells presented a protean arrangement, man}" 
large alveoli Avere present The vascular supply consisted of large sinusoidal 
capillaries Avith a marked variability m caliber and distribution These thin- 
walled structures Avere A’ery fragile, and in iiiany areas they had been ruptured 
by the operatiA"e manipulations, producing small areas of fresh hemorrhage 
throughout the tissue 

SummarA The tumor consisted almost entirely of large pale principal cell 
forms among AAhich no true giant cells AAcre present, and onl} an occasional example 
of nuclear multiphcit} Avas noted There AA'as, hoAvever, a fairly Avell marked 
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^anatlon in cell and nuclear si7e There was a slight irregular increase in fibrous 
tissue as ivell as a marked increase in Aasculantj No mitotic figures w-ere 
present, and onh an occasional cMdciice ot amitotic division was noted 
Diagnosis Principal cell adenoma 

Casf 5— a wdiite w'oman, aged 45, entered the New England Deaconess 
Hospital with the complaint of progressive loss of stature and pain m the back 
and knees increasing in severity for two 3 'cars Multiple pains and aches had 
also been present for six months Examination rcicaled marked k 3 phosis at the 
level of the eighth dorsal ^ertebra, knee joints not remarkable and general physical 
condition good Roentgenologic evidence of generalmed osteitis fibrosa cystica 
was demonstrated The serum calcium w'as 14 4 mg and the phosphorus 2 4 mg 
No tumor was palpable, but when an explorator 3 operation wms performed 
a large tumor occuprmg the site of the right low'er paratlnroid w'as removed 
Convalescence was uneventful with no screre sjmptoms of hypoparath 3 'roidism 
The serum calcium fell to 7 5 mg and the phosphorus to 1 mg six da 3 S after 
operation When the patient w^as discharged on the tw'elfth da 3 ' the scrum 
calcium had risen to 8 9 mg and the phosphorus to 1 5 mg 

Gloss Desenpitou — The specimen consisted of an encapsulated tumor mass 
measuring 3 5 b 3 2 4 b 3 ' 1 cm It was soft and yellownsh brown, and show'cd a 
small subcapsular hemorrhage The cut surface was light browm and moist 
Mici oscoptc Dcscnptwii — The tissue was almost cntireK composed of transi- 
tional oxyphil forms which showed a slight \ar 1 ab 1 ht 3 m size, wuth a few large 
and irregular cells present The a\crage diameter was about 12 microns with 
the nuclei averaging about 7 5 microns The cytoplasm contained a variable 
amount of granular material ranging from an occasional red granule to a solidly 
packed granular mass Nuclear gigantism and multiplicity w'ere present but rare 
There was onlv a slight irregular increase m the fibrous tissue stroma which 
divided the cells into irregular groups A few' alveolar structures lined by tall 
columnar transitional oxyphil forms were noted These acini contained no secretory 
product, but some were filled by recent hemorrhage, probably of traumatic origin 
The sinusoidal capillaries showed a marked variability of caliber, engorgement and 
distribution 

Summary The tumor consisted chiefly of transitional oxyphil cells which 
show^ed a considerable variability m size There was a generalized increase in 
diameter of virtually all cells and nuclei Nuclear gigantism and multiplicity 
were present rarely There was no mitotic activity, but amitotic division was 
demonstrable 

Diagnosis Transitional oxyphil cell adenoma 

Case 6 — A white woman, aged 55, first noted a small svmptomless lump m 
the right breast about one year before death When first seen at the Huntington 
Memorial Hospital she had an extensive carcinoma of the breast with metastases 
to the axillary lymph nodes, the bones of the skull, spine and pelvis and both 
lungs She was given a, course of roentgen treatments with some relief from 
pain Her admission to the Pondville State Hospital was essentially for terminal 
care At this institution she was given further radiation treatment but her 
course was progressively downhill Roentgen films show'ed a widespread irregular 
rarefaction of bone which m view of the primary tumor was interpreted as 
metastatic tumor lesions No studies of the blood were done 

Autopsy, performed by Dr Cecil Krakower, revealed the fact that, though 
several foci of bone metastases were present, most of the osseous lesions were 
tumor-free They were diagnosed as generalized osteitis fibrosa cystica A care- 
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ful search of the thyroid region revealed a tumor in the position of the right 
superior parathyroid The other parathyroids were not noted 

Gross Descuptwn — The tumor consisted of a mass of soft reddish-brown 
mottled tissue which measured 1 7 cm in length and 0 9 cm in its greatest 
diameter At one end of the tissue was a small mass about 0 7 cm in diameter 


Fig 2 (case 6) — Parathyroid adenoma, X 15 A photomicrograph of a sec- 
tion of the whole tumor showing two large portions and a rim of normal tissue 
at the top Note the size, number and irregular distribution of the vessels 


which was of a more j ellowish-brown color and resembled normal parathvroid 
tissue 

Mtcr oscopic Description — The tumor could be conveniently divided into three 
portions (fig 2) The largest part consisted almost entirely of mature oxyphil 
cells, the exception being an occasional transitional oxiphil in which there was a 
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small perinuclear clear space with a slight diminution in cjtoplasmic granularity 
The oxyphil cells were of a fairh umforin size throughout and measured from 12 
to 16 microns in their greatest diameters The cytoplasm was filled with stiongly 
acidophilic granules which were more closely packed in some than m others The 
nuclei varied from 4 to 8 microns m diameter, w’lth the average being about 6 
microns No true giant nuclei were present, but se\cral cells contained 2 or 
3 nuclear structures 

There was a slight inciease in fibrous tissue stroma, also a slight variation 
in capillary caliber and distribution The cells were arianged m solid protean 
masses, cords and alveolar structures, w'lth many of the latter being large, dilated 
and cistic in appearance 

The second portion consisted of a smaller mass of cells situated at one 
end of the section and separated from it b\ a small amount of fibrous tissue 



Fig 3 (case 6) — Parathyroid adenoma, X 1,500 The smaller mass is shown 
Note the mature and transitional oxyphil cells 


The cells of this area consisted of principal cell forms, throughout which were 
scattered large and small groups of owphils morphologically similar to those 
m the larger mass (fig 3) The cellular arrangement, fibrous tissue and vascular 
supply were similar to those already described 

The third portion consisted of a narrow rim of tissue composed of principal 
cells and separated from the tumor by a small amount of fibrous tissue 

Summary The mam tumor mass consisted of cells which w'ere definitely 
oxyphilic in type There was a slight increase in fibrous tissue stroma and 
vascular supply with irregularity of distribution Nuclear and cellular gigantism 
was not present, but multiple nucleated cells were noted The smaller portion 
of tissue consisted chiefly of normal pale principal cells with many oxyphils and 
transitional forms scattered throughout The outer rim of normal-appearing 
tissue suggested that this portion represented the original glandular tissue, with 
the other portions constituting an adenomatous neoplasia The absence of cellular 
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compression was, however, not in favor of this assumption The weight of evidence 
seemed to favor the diagnosis of adenoma 
Diagnosis Oxyphil cell adenoma 


SUMMARY OF REPORT OF CASES 

The more interesting featuies of the cases (table) are as follows 
All the patients were women from 45 to 62 years of age, the average 
being 52 3 years Each one piesented roentgenologic evidence of fibro- 
cystic bone disease while none had nephrolithiasis The preoperative 
serum calcium determinations ranged from 113 to 14 4 mg , and it was 
noted that m the cases with the higher preoperative values the serum 
calcium fell to lower levels after parathyroidectomy Though probably 
of no significance, it is mteiesting to observe that 5 of the tumors 
occurred on the right side and 4 in the lower glands Four of the tumors 
were classified as transitional oxyphil cell adenomas, 1 as a principal 
cell adenoma and 1 as a matuie oxyphil adenoma 

Consideiing cases 1, 2, 3 and 5, in all of which the diagnosis was 
transitional oxyphil cell adenoma, there appeal s to be a direct relationship 
between the size of the tumor and the preoperative level of the serum 
calcium There is, however, not sufficient evidence to merit the drawing 
of any conclusions from the obseivation 

COMMENT 

Castleman and Mallory ^ divided benign parathyroid tumors into two 
groups adenoma and hyperplasia By the classification of these workers 
the cases repoited in the foregoing section, with the possible exception 
of case 6, were all instances of adenoma 

The most prominent feature of all these tumors was the generalized 
cellular enlargement Though cells of normal dimensions were seen, 
the size of the average tumor cell was many times that of the normal 
Since the only true estimation of cell size is detei mined by computation 
of its volume, a considerable time was devoted to this study The equa- 
tion V= 1/6 ttD® was used, the value D being estimated as accurately 
as possible after the study of serial sections of the tumors In case 1 
many of the larger cells were found to be more than eighty times the 
volume of the noimal cell It was also found that if the tumoi were 
due to a straight hypertrophy of preexisting cells its size could in many 
cases be accounted for by this hypertrophy 

Hypertrophy alone, however, is not sufficient to explain the many 
histopathologic aspects Nuclear multiplicity and gigantism were noted 
in varying degrees in all the tumoi s, the number ranging from 2 to 6 
and the size up to 20 microns The nuclear abnormalities aie interpreted 
as indicative of amitotic division, the etiologic factor of which is 
unknown Many of the nuclei contained from 2 to 5 prominent large 
round nucleoli, irregularl)’- distributed (fig IB) 



Summaiy of Data on Sti Cases of Pai athyi oid Adcnonia 
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In some of the tumois the cells Aveie fairly unifoim while in otheis 
there was a maiked variation within the aiea of a low power microscopic 
field This distribution of cells into protean masses, laige and small 
clumps, coidhke structuies and ah^eoli depended to a great extent on 
the fibious connective tissue stroma All tumois examined showed to 
some extent an ii regular increase in fibrous tissue, this was seen as thick- 
ened collagenous sheets m some areas and as thin stiingy wisps in others 
Although all the aforementioned types of cell aiiangement aie found 
111 noimal glands, the change in stroma is a specific attiibute of tumois 
of the parathyioid The blood vessels of the normal gland, as pre- 
viousl}'^ described, are abundant and of a fairly even cahbei and disti ibu- 
tion while those of the tumor group showed a maiked iriegularity in 
calibei and distiibution with laige, dilated, engorged sinusoidal capil- 
laiies being frequently seen 

Castleman and Malloiy^ stressed the significance of the localized 
charactei of the proliferative process as being indicative of neoplasia 
These authors stated “The crux of the aigument lests, m our opinion, 
m the localized chaiactei of the piolifeiative piocess Our own expeii- 
ence indicates this is fiequently limited not merely to one gland but 
to a portion of a single gland" They further lecoided that they had 
demonstiated a run of normal parathyioid tissue on one margin of the 
tumor in 8 of their 19 cases of adenomas and gave seemingly ample 
leasons for the paucity of such observations by other woikeis Though 
an effoit was made to demonstrate normal parathyioid tissue about the 
tumois described heie we weie, with the possible exception of case 6, 
unable to do so 

As noted, the tumor in case 6 differed fiom the othei tumois in sev- 
eral lespects, and its diagnosis as an adenoma is onl}'^ tentative The 
histologic featuie most indicative of a neoplastic formation was the 
narrow rim of normal piincipal cells, but these cells showed no evidence 
of compiession, and it could not be proved that they did not represent 
a group of cells displaced from the smallei mass of tissue There is 
also the possibility that the latter legion repiesented the original gland 
and the larger one an adenoma, but the presence of morphologically 
identical abnormal cells in both poitions does not substantiate this 
assumption Further, the cordlike airangement of cells, their relative 
uniformity of size, shape and structure, the comparative lack of cell 
hypertrophy and nucleai multiplicity and the moie neaily normal dis- 
tiibution of fibrous tissue stroma and vasculai supply are all somewhat 
indicative of hypeiplasia The hyperplasias reported by Castleman and 
Mallory^ were geneialized, involved all the glands and consisted entiiel) 
of principal ballooned or zvasso helle type cells The most significant 
fact against the diagnosis of the condition in case 6 as a hyperplastic 
gland is that the other glands Aveie not notably abnoimal It is possible, 
however, that comparison with the th 3 '-ioid gland may be helpful, foi 
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it IS not uncommon to find a lobe oi poition of a lobe to be hypei plastic 
while the remamdei of the gland is i datively normal Though the paia- 
thyroid tissue is commonly divided into foui glands, it is assumed that 
the tissue functions as a unit and hence by analogy with the thyioid 
a focal hypeiplasia of the paiathyioid tissue may occur, giving use to 
an appaient tumoi 

Much remains to be learned about the physiology of the paiathyroid 
gland and the significance of its vaiious component cells Among the 
unknown details is the factor or factors which bring about the formation 
of oxyphil cells As noted, case 6 was one of caicinoma of the bieast 
with multiple bone inetastases as well as geneiahzed osteitis fibrosa 
cystica In anothei case of carcinoma of the breast with bone inetastases 
but no roentgenologically identifiable fibrocystic bone changes, most of 
one of the parathyioids was occupied by a laige nest of oxyphils These 
cells were in every respect morphologically similar to those m case 6 
and contained the only mitotic figure seen m this study This mass 
of oxyphils may be interpreted as lepresentmg an early stage of a paia- 
thyroid tumor or as an oxyphil cell i espouse to bone destruction In 
the latter regard it is of interest to note, and speculate on the possible 
significance of, 2 cases of carcinoma of the breast with secondary osseous 
lesions m which the parathyroids showed definitely abnormal masses of 
oxyphil cells The functional activity of the various cell types has been 
previously discussed,* and it is beyond question that the principal cell 
forms are the primary and essential endocrmologically active cell types 
The discovery of a paiathyroid tumoi associated with a generalized 
osteitis fibrosa cystica and consisting almost entirely of oxyphils is defi- 
nite evidence of the functional activity of this cell The presence of 
a mitotic figure within an oxyphil is consideied pi oof that these cells 
are capable of giowth activity and are not meiely inert stiuctures The 
histologic studies of fat, glycogen and mitochondria are recorded else- 
where * and repetition is unnecessary It is felt that, though admittedly 
varying m degree, all cells, including the mature oxyphil forms, aie 
capable of elaboiatmg parathyroid hormone 

CRITERIA FOR DIAGNOSIS OF ADENOMA 

The detailed study of the tumors described and a leview of the litera- 
ture reveal many interesting points m the diagnosis of parathyioid ade- 
nomas, 1 e , a benign neoplastic growth of the paiathyroid tissue 

No constant cell type is found m these adenomas, and though each 
tumoi consists essentially of one cell foim, i e , principal cells, transi- 
tional oxyphil forms oi matin e oxyphil cells, it is extremely uncommon 
to find a paiathyioid tumor entirely composed of one cell type Though 
paiathyroid adenomas are classified into seveial varieties, e g, transi- 
tional oxyphil, theie is a tremendous variation in cell size, structuie 
and phase of development from tumor to tumor, area to area, mid indeed 
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within the confines of a single micioscopic field The recognition and 
coirect intei pretation of these cell forms require a knowledge of the 
normal cell and its transitional phases Cellular and nuclear gigantism 
aie not necessarity present, but these large forms are fiequently found 
Afany cells measure 50 microns in diameter while nuclei 20 micions 
in diametei aie not uncommon Each cell of an adenoma is, howevei, 
usually laiger than its noiinal counteipart, and the average cell is always 
of gi eater magnitude In judging the cell size it is well to lemembei 
that the only true criterion is volume 

Alultiphcity of nuclei was present in all the cases lecorded in this 
papei Though this featuie is not commonly noted it is felt that a careful 
seaich will often, if not always, reveal cells containing from 2 to 6 nuclei 
The multiple nuclei are interpi eted as indicating amitotic division Alany 
of the nuclei of the adenoma cells contain from 2 to 5 or 6 large, strongly 
acidophilic nucleoli 

There is no definite cell airangeinent in the paiathyroid adenomas 
The distribution of cells is somewhat dependent on the location of the 
fibious tissue stroma Thus adenomas are found in which the cells are 
arianged in piotean masses, laige and small clumps, coids and acinar 
structui es 

The paiathyioid adenomas show a well defined iriegularity in amount 
and distribution of fibrous tissue stioma In some areas this tissue 
is abundant and collagenous and in otheis thin, stimg}'- and barely demon- 
strable This stiomal change vanes m degiee in different tumors as 
well as in different areas within any one adenoma Similarly there is 
a well marked vai lability in the caliber, number and distribution of the 
sinusoidal capillaries, and these thin-walled delicate structures possess 
a marked tendency to hemorrhage 

Most adenomas contain very few, if any, fat cells Fiom the exami- 
nation of the tumois it is evident that the fat, which is noimally present 
in large quantities in the elderly adult gland, is the first tissue replaced 
by the tumor giowth 

SUMMARY 

Six cases of parathyroid tumor are reported Four of the tumois 
are diagnosed as transitional oxyphil cell adenoma, one as pimcipal cell 
adenoma and one as probably oxyphil cell adenoma 

All tumors produced roentgenologically lecognizable bone destruction 
(osteitis fibiosa cystica), but no nephrolithiasis was demonstrable 

Evidence is presented to show that all forms of the paiathjnoid 
cell are capable of producing parathyroid hormone 

Several criteria for the diagnosis of parathjwoid adenoma are dis- 
cussed These are increased size of the individual cells, multiple nuclei, 
irregularity of stroma and capillaiy form, and variability of cellular 
ai rangement 
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The changes pioducecl in the liver because of impaiiecl circulation 
of the blood are well known Lanibeit and Allison^ desciibed several 
types of lesions pioduced as a lesult of chionic passive hyperemia of 
the livei These represented difteient stages in the one process The 
cause of the disappearance of the livei cells has been a subject of some 
discussion Orth - and otheis attiibuted the central neciosis of the liver 
cells to pressure atrophy Malloi) “ ascribed the necrosis to toxins 
acting in combination with a poor nutiition of cells MacCallum^ 
suggested that anoxemia is the impoitant factoi m cential neciosis of 
cyanotic atrophy of the hvei Geilach ° attributed the final disintegra- 
tion of cells to anoxemia and then to piessure 

The well known gioss and histologic pattern pioduced by venous 
stasis IS dependent on atrophy and destruction of the liver cells in the 
center of the lobules, wuth replacement by red and wdiite blood cells 
mixed wnth some fragments of liver tissue In the beginning of the 
change there is nothing more than hypeiemia of the cential veins and 
the surrounding sinusoids As the circulatory impaiiment increases, 
there is atrophy of the livei cells m the center of the lobules and 
hemorrhage These changes extend for varying distances from the 
central vein to the periphery of the lobule The liver cells are sharply 
demarcated from this zone of blood 

When the venous stasis becomes very seveie, such alterations are 
increased so as to involve a large portion of the lobule The destruction 

From the Norman Bridge Pathological Laboratory of Rush Medical College 

1 Lambert, R A, and Allison, B R Bull Johns Hopkins Hosp 27 351, 

1916 

2 Orth, J Compendium der pathologisch-anatomischen Diagnostik, ed 6, 
Berlin, A Hirschwald, 1900, p 545 

3 Mallory, F B J M Research 9 455, 1911 

4 MacCallum, W G Textbook of Pathologj', Philadelphia, W B Saunders 
Company, 1930, p 469 

5 Gerlach, W , m Henke, F , and Lubarsch, O Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1930 vol S 
Pt 1, p 91 
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of liver tissue does not extend concenti ically throughout the lobule The 
liver parench3^ma in the region of the portal stiuctures remains intact 
At ceitain intervals along the periphery the erythiocytes that have 
replaced the usual liver parenchyma extend beyond the periphery of the 
lobule to meige with similar regions of an adjacent lobule or lobules 
When this change is marked, the poital tiiad stiuctures are surrounded 
by a rim of intact liver parenchyma, and this in turn is encircled by a 
broad zone of red cells Because of this alteration, the usual lobule 
pattern seems reversed, m that gray-brown oi yellow tissue appears to 
be m the center and red tissue at the periphery This was referred to 
by Saltykow ® as the paradoxical appearance of cyanotic atrophy 

Gerlach ® discussed other phases of the changes in chronic cyanotic 
atrophy of the liver He concluded that the irregular distribution of the 
destroyed liver tissue is due to the pressure exerted on the liver cells 
from the dilated capillaries, in combination with a pressure similarly 
exerted by the capsule He also stated that the liver tissue regenerates 
when chronic cyanotic atrophy is marked, but not to the extreme degree 
seen in cirrhosis As far as we know, there have been no studies of 
the regions of cyanotic atroph}'- of the liver m all three of its dimensions 

WAX MODEL RECONSTRUCTION 

With this m mind, a wax model reconstruction of regions of 
destroyed liver cells was made 

The liver used was from the body of a man who died in the Presbyterian 
Hospital, in the service of Dr Ernest E Irons, as a result of coronary thrombosis 
The important changes found in his bod> were generalized arteriosclerosis, 
recent and old thrombosis of the right coronary artery, infarction scars of the 
posterior wall of the left ventricle and posterior half of the ventricular septum 
and more recent infarct of the ventricular septum The liver grossb"^ had the 
usual appearance of rather marked cyanotic atrophy Histologically, the paren- 
chyma about the central veins was destroyed for varying distances toward the 
edge of the lobule and was replaced by erythrocytes and occasional leukocytes, 
while at the periphery were liver cells in varying degrees of compression and 
necrosis A piece of liver tissue 11 by 3 bv 18 mm was cut serially into one 
hundred and forty-eight sections Tracings representing a magnification of 30 
were made of every third section A wax model proportional to the sections 
was made 

In the stained sections the lobules of the liver were cut in the transverse, 
longitudinal and oblique planes The regions of atrophy corresponding to the 
centers of lobules varied in size In man}"- places they extended bejond the 
periphery of the lobule and coalesced with --similar regions of adjacent lobules 
When this fusion was extensive, small portal triad structures were completely 
surrounded bj intact liver tissue, and this in turn was encircled by a zone of 
atrophy Commonly, however, in this liver small portal triads were only partially 
surrounded bj such regions 

6 Saltvkow, S Verhandl d deutsch path Gesellsch 5 104, 1902 
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The regions of atiophy lepiesented in figiuc 1 aie fan samples of the 
changes produced in the hvei by the venous stasis The stiucture labeled 
1 repiesents the poition of a lobule wheie liver tissue is absent as a 
result of chionic cyanotic atiophy Such changes seem to be gieatest 
at the end where the central vein begins, and from heie they pioceed 
through the length of the lobule, deci easing slightly m extent About 
the penpheiy aie aieas labeled 2. 3 , 4 and 5 , that represent poitions of 
lobules altered in a manner similar to the changes in 1 Along con- 
tiguous sides the regions of cyanotic atrophy of two lobules labeled 


A 



B 



Fig 1 — ^Wax model showing regions of destroyed liver cells In A the region 
labeled 1 represents the place in a single lobule where, from end to end, the liver 
tissue has disappeared The base of the lobule is at the top The numerals 2, 3 
and 4 indicate places in adjacent lobules from which the liver tissue has completely 
disappeared The hole below 3 and other similar regions in B are places where 
liver tissue and portal vessels were still present when the tracings were made B 
IS the other side of the areas seen in A The numeral 3 m this region represents 
the periphery of a lobule where liver tissue remained The other dark spots also 
are places where liver tissue was present m the sections The numeral 5 indi- 
cates the region from which liver tissue had disappeared altogether m a lobule not 
shown in A 
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1 and 2 are fused for almost their entiie length These two lobules 
happen to have parallel long axes Along another side region 1 has a 
smooth periphery, without being joined to other similar places of 
atrophy In this instance fairly laige poital structures are adjacent and 
prevent coalescence with nearby lobules Region 3 represents a portion 
of a third lobule from which the liver tissue has disappeared, and this 
lobule IS directed slightly obliquely to the lobule numbered 1 Fusion 
occuried only where the two came close enough to be in contact 



Fig 2 — model In A the lighter places are regions of cj'anotic atrophy 
from which the liver tissue has practically disappeared The darker regions 
represent the peripheries of lobules where the liver cells, portal veins and 
accompanying vessels are still present Altogether there are about thirty lobules 
5 IS a photograph of the opposite side of the places illustrated m A 

Region 4 is directed obliquely to a considerable degree On account 
of its position It IS coalesced with region 1 only slightly and with 
region 3 considerably more Along another portion of the periphery 
of the atrophic region 1 coalescence also occurred with one more district 
of atrophy This was a lobule which is labeled 5 It is onl)^ partly 
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shown by the model and is also obliquely directed to legion 1 In all, 
about 30 pet cent of the penpheiy of the aiea of cyanotic atiophy in 
lobule 1 IS continuous with areas of sunilai atiophy in altogethei four 
different lobules 

The reader should keep in mind that the actual amount of liver tissue 
destroyed is repiesented by the model (fig 2) and is fai more extensive 
than would be estimated fioni the examination of single micioscopic 
pieparations The spaces m the model lepresent aieas occupied by 
intact hvei tissue, including poital triad structuies It is appaient that 
there are many legions wheie the distiicts of destroyed livei tissue 
have coalesced Some aie broad, others, naiiow The extent of the 
fusion, as has been pointed out, depends on whethei the long axes of 
adjacent lobules are parallel or at an angle to one anothei Those that 
lie parallel aie joined for a considerable distance, otheis that he 
obliquely are united for only a short distance In some regions of the 
reconstruction theie is a moie marked destiuction of livei tissues than 
elsewhere This is m accord with the ideas expressed on the subject 
by various writers 

In general, a lobule exhilnting changes of chionic cyanotic atiophy 
may merge at the peiiphery with four or five adjacent lobules The 
degree of the blending is variable, depending on the position of the 
adjacent lobules Those that he parallel are united without mteriuption 
for considerable distances by medium-sized bands of fusion in which the 
process of destiuction is continuous from the center of one to the center 
of the other lobule Less than 50 per cent of the periphery of a lobule 
IS involved in the regions of fusion The damming back of venous 
blood does not extend beyond the periphery of the lobule, where the 
portal vein and accompanying vessels are located Portal structures 
are barriers and prevent regions of cyanotic atrophy fiom extending 
through them The amount of livei tissue destroyed seems to be 
greatest m the region where the central vein leaves the lobule 

CENTRAL CIRRHOSIS 

For a time, some pathologists thought that the changes produced in 
cyanotic atiophy of the liver led eventually to cardiac or central cirrhosis 
In some quarters, the idea still prevails Letulle® discussed the subject 
and still advocated that the changes produced by chronic passive 
hyperemia lead to this type of cirrhosis On the other hand, Gerlach ® 
and others denied that there is such a thing as a cardiac or central 
cirrhosis 

7 Parmentier, E Ltudes cliniques et anatomo-pathologiques sur le foie 
cardiaque, Pans, G Steinheil, 1890 

8 Letulle, M Anatomic pathologique. Pans, Masson & Cie, 1931 vol 3 
p 1633 
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In the late stages of a long continued and marked passive hyperemia 
the liver may be firmer than usual and shrunken The capsule and the 
walls of the hepatic veins have an increased amount of fibrous tissue 
The fibrous tissue in the region of the portal triad structures may seem 
to be increased but this is relative and not actual Such fibrous tissue 
IS conspicuous because of the marked destruction of liver tissue ° In 
places the fibrous trabeculae projecting into the parenchyma from 
Ghsson’s capsule may surround groups of lobules, but these changes 
are not those of true cirrhosis The color of livers changed by chronic 
passive hyperemia is diffeient from the color of cirrhotic livers, and 
also the granular appearance is more pronounced m the latter 
Herxheimer stated that with stains in which silver is used to make the 
stroma conspicuous he failed to find changes in the liver similar to those 
seen m cases of true cirrhosis 

Piery explained the fibrous tissue proliferation m livers having 
the changes of impaired circulation on the basis of an inflammatory 
process In this regard, Dr E R LeCount called our attention to a liver 
which actually had central cirrhosis It came from the body of a patient 
who had chronic hyperplastic tuberculous pleuritis, chronic deforming 
mediastimtis and obliteration and calcification of the pericardium This 
case formed the basis of a report by Dr J B Herrick entitled “Peri- 
carditic Pseudo-Cirrhosis of the Liver ” 

Camera lucida tracings of stained serial sections were made by 
Dr Leila Jackson The tissue was made up of irregular masses of liver 
cells, limited by conspicuous fibrous tissue that did not conform to the 
usual lobule pattern This fibrous tissue was not prominent about the 
portal vein In the stioma that subdnnded the lobules of the liver 
the blood vessels were not associated with bile ducts These vessels were 
followed from section to section, and their continuity with laigei hepatic 
veins was demonstrated The In'^er cells adjacent to the dense fibrous 
tissue were atrophic, and the sinusoids were distended with erythrocytes 
The liver tissue adjacent to the poital triad was healthy Sketches of 
some of the tracings made from serial sections are shown m figure 3 
Obviously, the lobules of the In^er were subdivided by fibrous tissue, and 
included m this stroma are veins which, when traced, were seen to 
empty into largei ones The increase of this fibious tissue was mostly 
in the center and not m the periphery of the lobules Such a change 
may be called central cirrhosis 

9 Karsner, H T Human Pathology, ed 2, Philadelphia, J B Lippincott 
Company, 1929, p 683 

10 Herxheimer, G Beitr z path Anat u z allg Path 43 284, 1908 

11 Pierj, H Ljon med 50 997, 1909 

12 Herrick, J B Tr Chicago Path Soc 5 71, 1902 
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The condition, howevei, may not be a lesult of chionic passive 
hypeiemia of the hvei The disease was explained by a letiograde 
lymphangitis fiom the tubeiculosis of the mediastinum and pleuia 
following along the infeiioi vena cava and hepatic veins, but without 
obvious tubeiculous gianulation tissue, because the tubeiculosis was 
hypei plastic and almost totally devoid of foci of caseation Such chionic 
inflammation is common m the peiiphenes of aieas where moie pio- 



Tig 3 — Tracings made from serial sections of the liver, indicating the dis- 
tribution of the fibrous tissue within lobules P denotes the position of the poital 
structures, C, the central veins, and S, the sublobular veins 


notinced disease has existed for some time It is well known that 
lymphatics from the liver accompany the hepatic veins and ascend into 
the thorax along the infenoi vena cava 

SUMMARY 

A wax model leconstiuction of the regions of cyanotic atrophy of 
a liver was made This method leveals that the amount of liver tissue 

13 Delamare, G The Ls^mphatics, Chicago, W T Keener K Co , 1904, 

P 201 



844 


ARCHIVES OF PATHOLOGY 


destroyed is more than it appears to be in stained sections The regions 
of atrophy of an individual lobule extend beyond the periphery to 
coalesce with similar tissues in four or five other lobules, involving less 
than 50 per cent of the peripheries of such units Whether the fusion 
between the regions of c}anotic atrophy of two adjacent lobules is exten- 
sive or not depends on the position of these lobules The fused regions 
of cyanotic atrophy of adjacent lobules are largest when the latter have 
parallel axes 

An example of central cirrhosis of the liver is given, and this disease 
is explained by a retrograde lymphangitis from tuberculosis of the 
mediastinum and pleura extending along the inferior vena cava 
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The association of severe pi oti acted jaundice with the various mani- 
festations of what IS now recognized as vitamin A deficiency was well 
known to the continental clinicians of the last century Their reports/ 
while they apparently demonstrated some connection between icterus and 
hemeralopia, xerosis and keratomalacia, cannot be analyzed critically 
now because of the omission of any lefeience to the diets the patients 
were receiving It is well kiiowm that patients with hepatic disease 
usually experience anorexia and fiequently nausea, vomiting or diarrhea 
as well The occurrence of vitamin A deficiency in the cases reported 
in the earlier literature may have been due to malnutiition associated 
with these gastro-intestinal disturbances 

For a period of about twenty yeais in the early part of the present 
century no additional reports of cases appealed There was, howevei, 

From the Department of Pathology of the Children’s Hospital and the 
Infant’s Hospital 
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an inciease of interest in the subject with the appearance of the pub- 
lications of Wiight^ and Wagnei ^ In these, as in the older repoits, 
there was no definite information as to the adequacy of the dietaiy 
regimen of the patients 

That there is a specific connection between hepatic disease with icteius 
and vitamin A deficiency became apparent when Blegvad ^ in 1923 and 
Bloch ® in 1924 called attention to the signs and symptoms of this 
deficienc}^ in three patients who were receiving diets rich in vitamin A 
Blegvad’s patient experienced relief of the symptoms of deficiency only 
aftei the intramuscular admimstiation of a cod liver oil concentiate The 
patient desciibed by Bloch who recovered spontaneously did so only 
aftei the subsidence of the icteius Owen and Hennessey “ and Blackfan 
and Wolbach ’■ lepoited additional instances of vitamin A deficiency 
with severe jaundice in patients receiving adequate amounts of vitamin A 
All these authors considered the vitawrn A deficiency to be secondary 
to defects in the absoiption of fat associated with jaundice 

Seveie jaundice with complete, or almost complete, exclusion of bile 
fiom the small intestine was common to all the cases reported in the 
literature Marked enlargement of the spleen and hvei was noted in 
most instances The patients with this syndrome were desciibed as hav- 
ing Hanot’s cirrhosis, hypei trophic ciiihosis of the hvei with icterus 
gravis or biliary cinhosis A few cases of a high giade of obstructive 
jaundice due to malignancy or to cholelithiasis with secondaiy suppuia- 
tive or cinhotic changes in the livei are also found among those reported 
In all instances in which it was possible to determine the time relation- 
ship between the onset of the jaundice and the appearance of the symp- 
toms of deficiency, it was apparent that jaundice always came first The 
inteival before the appearance of the symptoms of deficiency varied 
from weeks to months in children and from months to yeais in adults 

In recent years Wolbach and Howe® have defined the essential 
pathologic picture in cases of vitamin A deficiency, other obseivers® 

2 Wright, R E Statistical and Professional Report of the Government 
Ophthalmic Hospital, Madras, 1921-1922, Brit J Ophth 6 164, 1922, Lancet 
1 800, 1931 

3 Wagner, R Wien med Wchnschr 74 1108, 1924 

4 Blegvad, O Ugesk f lasger 85 942, 1923 

5 Bloch, C E Am J Dis Child 28 659 (Dec ) 1924 

6 Owen, H B , and Hennessey, R S F Tr Ro}"- Soc Trop Med & 
Hyg 25 367, 1932 

7 Blackfan, K D , and Wolbach, SB J Pediat 3 679, 1933 

8 (a) Wolbach, S B , and Howe, PR J Exper Med 42 753, 1925, 
(b) 57 511, 1933, (c) Arch Path 5 239, 1928 

9 Goldblatt, H, and Bemschek, M J Exper Med 46 699, 1927 Tilden, 
E B, and Miller, EG J Nutrition 3 121, 1930 Wolfe, J M, and Salter, 
H P ibid 4 185, 1931 Thatcher, H S , and Sure, B Arch Path 13 756, 
1932 
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have corroborated these observations in animals Wilson and DuBois 
described a similar lesion m children The structural effects of vitamin A 
deficiency are characterized by atrophy of the epithelium of various 
organs and replacement with a stratified keratimzing epithelium, the 
metaplastic cells arising in foci deep in the epithelium close to the base- 
ment membrane The formation of the keratinizing epithelium begins 
simultaneously in many foci The first change that is demonstrable is 
the appearance of clusters of cells containing large pale nuclei surrounded 
by deeply basophilic cytoplasm These cells inciease by mitotic division 
and soon commence to show keratinizing changes As they increase in 
size, the clusters of cells undermine the preexisting epithelium There 
is also some extension into the supporting tissues The keratinizing 
epithelium which replaces the atrophic normal epithelium in the various 
organs is identical in all locations In infants the earliest appearance 
of keratinizing metaplasia is in the trachea and bronchi The epithelium 
of the renal pelves is usually next involved The salivary glands, pan- 
creas, uterus, thymus, esophagus, glands of the nasopharynx, bladder, 
prostate, seminal vesicles and paia-ocular glands may also show typical 
changes Keratotic changes in the cornea appear late in the disease, 
far advanced metaplasia may be present in various internal organs with 
no discernible abnormality in the cornea 

The present article is based on a postmortem study of eleven infants 
with congenital atresia of the bile ducts All of them had received diets 
adequate in vitamin A, and none presented clinical evidence of xerosis 
or keratomalacia during life 

Microscopic changes diagnostic of vitamin A deficiency, as defined 
by Wolbach and Howe,® were observed in six of the eleven infants, and 
the clinical histones and autopsy observations in these six cases are 
presented In each of these cases the family history was irrelevant 

REPORT OF CASES 

Case 1 — An 8 month old white boy was admitted to the hospital on Aug 13, 
1931, because of jaundice Delivery was normal Jaundice was noted at birth, with 
white stools and brown urine, and grew steadily worse Two weeks before 
admission anorexia developed, and the infant commenced to lose weight In a 
week he became dyspneic He was breast fed during the first month of life and 
thereafter was given formulas with added fruit juices, vegetables and cod liver 
oil for several months 

The infant was fairly well developed, poorly nourished, dyspneic and markedly 
icteric, with edema of the eyelids A rachitic rosary was noted The abdomen 
was markedly distended, with prominent superficial veins The liver was felt as 
a hard nodular mass 4 cm below the costal edge The spleen was palpable m the 
left flank as a mass the size of an orange There was shifting dulness m the 


10 Wilson, J R, and DuBois, R O Am J Dis Child 26 431, 1923 
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The icteric index was 325, with a quantitative van den Bergh reaction of 77 
A direct van den Bergh reaction was obtained 

An exploratory laparotomy was made on the third day after admission and 
revealed marked ascites, splenomegaly, hepatomegaly and atresia of the bile ducts 
The infant died the next day 

At autopsy, five and one-half hours post mortem, the liver was enlarged, 
weighing 287 Gm , firm and dark green The surface was extremely nodular 
and cirrhotic The capsule was thickened Cut surfaces showed strands of con- 
nective tissue running throughout the organ, most prominent in the portal areas 
There was marked biliary stasis The gallbladder was represented by a small 
tab of fibrous tissue lying in the gallbladder fossa A fine lumen was present 
in it No cystic or common bile duct was demonstrable The spleen was 
markedly enlarged, weighing 117 Gm , and was fairly firm Many subcapsular 
petechial hemorrhages and a slight increase in fibrous tissue were noted 

In addition, intense generalized icterus, slight edema of the lower eyelids, a 
recent right rectus incision, 75 cc of bloody fluid m the abdomen, numerous 
petechial hemorrhages in the pericardium, dependent bronchopneumonia of both 
lungs and marked rachitic changes m the long bones and ribs were noted 

The observations on which the diagnosis of vitamin A deficiency was made 
were as follows There was marked metaplasia of the epithelium of the trachea 
with complete replacement of the pseudostratified epithelium by stratified squamous 
cells Slight keratmization of this epithelium was observed The epithelium of 
the renal pelves showed moderate metaplasia and slight keratmization There 
were early metaplastic changes m the pancreatic ducts represented by foci of 
squamous cells undermining the normal epithelium The rest of the microscopic 
examination confirmed the macroscopic observations 

Comment — The child presented microscopic changes in the trachea, 
renal pelves and pancreatic ducts indicative of the presence of a moderate 
degree of vitamin A deficiency in spite of the fact that an adequate diet 
plus cod liver oil had been received 

Case 2 — A white girl aged 5 months was admitted on Dec 31, 1931, because 
of jaundice Delivery was normal Clay-colored stools and dark brown urine 
were observed three days after birth Icterus was first noted when the infant 
was 3 weeks old and increased steadily thereafter The child was breast fed for 
two weeks and then was given various formulas containing milk, dextrimaltose 
with vitamin B and water, all of which were taken well The infanf received 
1 teaspoonful of orange juice daily and 5 drops of viosterol twice daily, beginning 
at the age of 1 month About a month before admission the infant’s left ear com- 
menced to discharge and continued to do so for about a week Several days 
before admission she appeared to be feverish and vomited several times 

Examination on admission revealed a deeply icteric, poorly developed and 
poorly nourished infant She was entirely normal except that the liver was felt as a 
hard mass 2J^ fingerbreadths below the left costal margin The stool was claj'- 
colored 

The icteric index was 125 and 180, respectively, on two occasions The van den 
Bergh reaction was direct The quantitative van den Bergh reaction was 50 and 
36, respectively, on two occasions 


11 This is case 11 of the series reported by Blackfan and Wolbach ’’ 
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The patient was given a diet of fat-free milk with 50 per cent Karo She 
also received orange juice One gram (0 065 Gm ) of oxgall was given three 
times a day The day after admission the temperature rose to 103 F The next 
day, after both ear drums were lanced, the temperature returned to normal The 
following week a similar series of events occurred On Jan 12, 1923, an exploratory 
laparotomy was performed No gallbladder or extrahepatic ducts were demon- 
strable The infant was still receiving fat-free milk and oxgall On the seventh 
postoperative day the wound separated and was resutured Death occurred three 
days later, the infant being 6 months old 

At autopsy, sixteen hours post mortem, the liver was increased in size, weigh- 
ing 240 Gm , was much firmer than normal and was dark green The surface was 
finely nodular, and the capsule appeared thickened Cut surfaces showed pro- 
nounced biliary stasis and irregular scarring, the latter being especially marked 
in the portal areas Deep in the gallbladder fossa a small sac, 1 cm in diameter, 
which contained dark green inspissated bile, was noted It continued upward 
toward the liver as a slightly dilated hepatic duct No ducts were demonstrable 
below the sac passing toward the duodenum The ampulla of Vater, while patent 
toward the pancreas, had no demonstrable connection with the liver The spleen 
was enlarged, weighing 30 Gm , and was abnormally firm Cut surfaces showed 
an increase in the amount of fibrous tissue 

The other macroscopic observations included a recent right rectus incision, 
30 cc of bloody amber fluid in the abdomen , fibrinous peritonitis , adhesions 
between the omentum, the body wall and the gallbladder fossa, small adhesions 
between several loops of bowel and the operative wound, dependent bronchopneu- 
monia of both lungs and marked generalized icterus 

The diagnosis of vitamin A deficiency was based on the fact that the Hassall 
corpuscles of the thymus were greatly enlarged and were lined by keratinizing 
squamous cells The pseudostratified tracheal epithelium showed marked meta- 
plastic changes, having been converted into stratified squamous epithelium The 
epithelium of the renal pelves also presented striking metaplasia The normal 
transitional epithelium had been converted into thickened keratinizing stratified 
squamous epithelium The underlying connective tissue showed acute and chronic 
inflammatory cellular infiltration The epithelium of the esophagus was thickened 
and hyperkeratotic, and the ducts of its glands showed marked metaplasia of the 
lining cells 

The other microscopic observations confirmed the macroscopic diagnosis 
There were, in addition, acute splenitis, a small blood cyst on the mitral valve 
mesenteric Ijmphadenitis , hemorrhages in the lungs, spleen and parathyroid glands, 
and evidence of rickets and possibly of early scorbutus 

Comment — This 6 month old infant showed evidence of marked 
vitamin A deficiency post mortem, but at no time was there any clinical 
evidence of it She had received an adequate diet until a short time before 
death The fact that she received a diet of fat-free milk for a period 
of several weeks before death may account m part for the seventy of 
the changes due to the avitaminosis The possible effect of the oral 
administration of oxgall in this case cannot be estimated 

Case 3— A white girl aged 5 weeks was admitted on July 6, 1932 because of 
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There had been difficult instrumental delivery Jaundice was noted three days 
after birth and had persisted The stools were always clay-colored She was 
nursed for two weeks and was then given a formula She took nourishment well 
and gained weight until a week before admission, when the weight began to 
decrease 

Examination revealed a fairlj well nourished, deeply icteric infant She 
appeared to be normal except that the liver was palpable fingerbreadths below 
the costal margin 

The stool contained no bile A direct serum van den Bergh reaction was 
obtained The quantitative van den Bergh reaction was 55, and the icteric 
index, 325 

The infant was given a mixture of whole milk, 50 per cent, Karo and water 
She also received 10 drops of haliver oil daily On Juli”- 30, exploratory laparot- 
omy revealed the absence of the extrahepatic biliary passages and atroph}-- and 
fibrosis of the gallbladder The infant recovered quickly and was discharged on 
August 10 While at home she w'as given the same diet that she had had m the 
hospital She took her feedings well and gamed weight for about one month 
After that she failed to gam, probably because of a diminution in appetite The 
jaundice, with the clay-colored stools and dark urine, continued, and she was 
readmitted on November 25 because of rapid swelling of the abdomen during the 
preceding three days 

Examination showed that the abdomen was markedly distended, with dilated 
superficial veins, shifting dulness and a fluid wave 

A second laparotomy was performed on November 29 No bile duct could be 
demonstrated The patient died the next day, at the age of 6 months 

Autopsy, SIX hours post mortem, showed that the liver was enlarged, weighing 
352 Gm It was firm and greenish gray On its surface were fine nodules from 
2 to 4 mm m diameter Cut surfaces showed marked dilatation of the biliary 
passages The markings were distorted The gallbladder was represented by a 
thin plaque of fibrous tissue m the gallbladder fossa The duodenum was adherent 
to the fibrous tissue on the under side of the liver No common bile duct 
was demonstrable The transverse colon and several loops of jejunum were bound 
down to the hilus of the liver with dense fibrous adhesions The spleen w^as 
enlarged, weighing 50 Gm , and had a somewhat irregular surface Intense gen- 
eralized icterus, slight edema of the eyelids, a small amount of orange fluid m the 
peritoneal cavity, a recent right rectus incision and patchy atelectasis in both 
lungs were also noted 

The features diagnostic of vitamin A deficiency w'ere the early metaplastic 
changes m the epithelium of the renal pelves In some areas there were foci of 
stratified squamous cells undermining the normal lining cells The rest of the 
microscopic examination confirmed the macroscopic observations and revealed, in 
addition, a moderate amount of diffuse hemorrhage into the alveoli of the lungs 
with a small amount of inflammatory exudate in some areas, congestion and 
edema of the lungs, acute splenitis and earlj'- rachitic changes in the long bones 

Comment — This 6 month old infant showed slight early changes 
indicative of vitamin A deficiency in spite of having received an adequate 
diet plus haliver oil 

Case 4 — A white girl aged 8 weeks was admitted on Oct 25, 1932, because 
of jaundice The infant’s mother had been W'cll until the middle of the seventh 
month of pregnancy, w'hen sj^mptoms of toxemia developed She was taken to 
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the hospital two weeks later, and labor was induced The infant was one of 
twins, weighing only 5 pounds and 1 ounce (2,300 Gm ) at birth She nursed 
well and received, in addition, complementary feedings of whole milk, Karo and 
water She gained as rapidly as did her normal twin However, jaundice was 
observed in the infant at birth and persisted until the time of admission The 
stools were clay-colored, and the urine was dark brown at all times 

She appeared to be a poorly developed but well nourished, jaundiced infant 
The liver was felt 2 fingerbreadths below the costal margin, and the spleen was 
just barely palpable 

The icteric index was 100 

Exploratory laparotomy was performed on November 18, and a fibrosed 
atrophic gallbladder was observed The cystic and common ducts could not be 
demonstrated Following the operation the temperature soon fell to normal, 
remaining at that level for several days, after which it rose again In addition to 
her diet the patient recened 8 grains (0 52 Gm ) of oxgall daily She nursed well 
but vomited occasionally The icteric index persisted at 100 Several days before 
death cough, dyspnea and signs of pneumonia developed She died on December 
10, at the age of 12 weeks 

At autopsy, seven hours post mortem, the liver was normal in size but fairly 
firm and presented a finely nodular surface The right lobe was adherent to the 
anterior abdominal wall , while the stomach, duodenum, ascending colon and 
hepatic flexure were adherent to the hilar region The capsule of the liver was 
slightly thickened Cut surfaces showed increased fibrous tissue about the lobules 
of the liver, the latter appearing diminished in size The gallbladder was repre- 
sented by a fibrous, elongated, lumenless structure No external biliary ducts 
were demonstrable The spleen was of normal size There was marked gen- 
eralized icterus, and numerous small scattered areas of atelectasis were present 
in the lungs 

The evidences of vitamin A deficiency revealed by microscopic examination of 
the tissue were as follows The renal pelves showed from slight to moderate 
metaplastic changes in the epithelium with early keratinization of the lining cells 
The pancreatic ducts also showed some undermining of the epithelium by meta- 
plastic cells 

The rest of the microscopic examination confirmed the macroscopic observa- 
tions and revealed, in addition, bronchitis, bronchopneumonia, hypoplasia of the 
bone marrow, petechial hemorrhages and hemosiderosis of the spleen and early 
rickets 


Comment — This 12 week old infant showed slight evidence of vita- 
min A deficiency post mortem m spite of having received an adequate 
diet It IS of interest that, in spite of the icterus, her growth and devel- 
opment had paralleled that of her normal twin Factors that possibly 
were responsible for the early development of vitamin A deficiency in 
this case were the toxemia of the mother, the prematurity of the 
infant and the fact that she was one of twins and therefore puny 
The febrile postoperative period, which lasted for several weeks, may 
also have been responsible in part It is not possible to estimate the effect 
of the administration of oxgall in this case 


Case 5 A Jemsh boy aged 4 months mas admitted on Jan 17, 1933, because 
of jaundice He had otitis media sue weeks before admission Jauniice mas 
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noted three days after birth and became progressively worse White stools and dark 
brown urine were noted from the first The infant was breast fed and received, in 
addition, complementary feedings of a mixture of milk, water and dextrimaltose 
He had vomited a good deal but grew and developed normally When he was 6 
weeks old, enlargement of the liver was noted When he was 3 months old, this was 
again observed by a physician, who prescribed a preparation of oxgall and increased 
the feedings 

Examination revealed a well developed, well nourished, deeply jaundiced 
infant He was apparently normal except that the skin bore several furuncles, 
and the liver was enlarged so as to reach half-way to the iliac crest The stools 
were grayish white 

The icteric index varied between 75 and 200 The van den Bergh reaction 
was diphasic 

The patient was given a transfusion of 125 cc of citrated blood shortly after 
admission Following that the icteric index rose from its initial level of 75 to 225 
He was given fat-free milk, orange juice and water, all of which he took well 
Beginning January 26 he was also given 6 grams (0 4 Gm ) of calcium glucoside 
and 20 drops of haliver oil daily The temperature was normal until after the 
transfusion, when it rose to 103 F, falling irregularly to 100 F after four days 
At that time he showed signs of bronchitis The temperature fluctuated between 
97 and 99 5 F thereafter 

On February 1 an exploratory laparotomj*^ was performed, and the gallbladder 
was observed to connect normally with the duodenum The gallbladder did not 
contain bile The jaundice, with dark urine and clay-colored stools, persisted, but 
the infant took nourishment well and did not vomit On February 4 the wound 
ruptured and was resutured, following which a cough, rales in the chest and a 
temperature of from 102 to 103 F developed Nevertheless the infant ate well 
and the cough and fever soon subsided The wound healed, and he slowly gained 
weight On March 21 laparotomy was again performed No hepatic duct was 
demonstrated The gallbladder was removed There was only a slight post- 
operative reaction, and the infant’s progress was good for a time He ate well 
and gamed weight slowly However, on March 7 the jaundice became more 
severe, the abdomen became distended, and edema of the legs appeared On March 
14 1,300 cc of ascitic fluid was removed From that time on the infant’s condition 
became worse, and he died on March 23, at the age of 7 months 

At autopsy, ten and one-half hours post mortem, the liver was somewhat 
enlarged and firm The surface was finely nodular, the nodules measuring from 
1 to 2 mm in diameter The capsule was thin The under surface of the liver 
was adherent to the duodenum and the hepatic flexure, and the liver was a dark 
mottled green, the mottling being due to an increased amount of perilobular con- 
nective tissue There was marked biliary stasis, the bile ducts appearing 
prominently The gallbladder was not demonstrable The common bile duct was 
present and admitted a fine probe No left hepatic duct was demonstrable The 
right hepatic duct existed as a fibrous cord, 11 mm long The common duct 
was patent into the duodenum but had no connection with the liver The spleen 
was larger and firmer than normal, and cut surfaces showed accentuation of the 
fibrous markings An accessory spleen, 14 by 12 by 8 mm , was present at the 
hilus It, too, showed an increased prominence of fibrous tissue 

Marked generalized icterus , recently healed scars resulting from a right rectus 
incision , 75 cc of clear amber fluid m the abdomen , dense adhesions involving the 
upper portion of the ileum, jejunum, hepatic flexure, round ligament of the liver 
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and omentum, edema and congestion of the mucosa of the gastro-mtestinal tract, 
and congestion of the kidneys were noted The thoracic organs were not 
examined 

The diagnosis of vitamin A deficiency was based on the moderate metaplastic 
changes observed in the epithelium of the renal pelves There was complete 
replacement of the normal epithelium by stratified squamous cells in some areas 
and only undermining of the normal epithelium by foci of metaplastic cells in 
others 

The rest of the microscopic examination confirmed the macroscopic observa- 
tions and revealed, in addition, fatty changes in the renal tubules and acute 
splenitis 

Comment — This 7 month old infant showed evidence of a moderate 
degree of vitamin A deficiency in spite of having leceived an adequate 
diet plus haliver oil 

- Case 6 — A 6 month old white girl was admitted on March 8, 1934, because 
of jaundice, which was noted at birth and was of unvarying intensity thereafter The 
stools were clay-colored and sometimes streaked with blood The urine was 
always dark orange There was frequent vomiting of recently eaten food during 
the first three months of life but none after that A slight cough was noted 
occasionally The infant was breast fed for one month and was then given a 
mixture of whole milk, water and Karo She refused cod liver oil and orange 
juice There was little gam in weight after the first few weeks of life 

Examination revealed a fairly well developed, poorly nourished, icteric infant 
with a large, firm liver and a palpable spleen 

The stool revealed an absence of bile and the presence of occult blood The 
icteric index was 60 The van den Bergh reaction was direct, quantitatively it 
was 2 35 units 

The patient was given a mixture of 2 per cent milk, 50 per cent dextrose and 
water and also received 2 ounces (60 cc ) of orange juice and 10 drops of haliver 
oil daily She took these feedings well On March 17 she was operated on and 
died on the operating table 

At autopsy, two hours post mortem, the liver appeared smaller than normal 
and was dark green The surface was rough and finely nodular Cut surfaces 
presented an increased amount of periportal connective tissue A strand of con- 
nective tissue representing an atrophic gallbladder was observed in the fossa of 
the gallbladder No common or cystic ducts could be demonstrated The spleen 
was enlarged, weighing 75 Gm Its capsule presented several patches of thicken- 
ing anteriorly 

Bilateral craniotabes, rachitic changes in the ribs and long bones, a recent 
right rectus incision, marked generalized icterus, a few cubic centimeters of icteric 
fluid in each pleural cavity, some hypertrophy of the right ventricle of the heart, 
a moderate amount of emphysema of the lungs, marked edema of the mucosa of 
the stomach and a few small acute ulcers in the ileum were noted 

The microscopic observation on which the diagnosis of ritamin A deficiency 
was made was the presence of a slight or moderate amount of metaplastic kera- 
tinizing epithelium undermining the normal lining cells of the renal pelves 
The rest of the microscopic examination confirmed the macroscopic observa- 
tions and revealed, m addition, slight early bronchopneumonia 
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Comment — This 6 month old infant showed evidence of a slight 
degree of Mtamin A deficiency in spite of having received an adequate 
diet 

OBSERVATIONS 

Postmortem studies of eleven infants with congenital atresia of the 
bile ducts were made Although these infants had received an adequate 
diet and, in some instances, vitamin A in some form m addition, micro- 
scopic examination demonstrated vitamin A deficiency in six of them 
All but one of the infants who showed evidence of the avitaminosis 
were 6 months of age oi older The one exception was a premature 
infant whose mother showed symptoms of toxemia before delivery The 
infants in whom no histologic evidence of the vitamin deficiency was 
found were 6 months old or younger (table) 


Vitamin A Deficiency tit Ca<;cs of Congenital Aiicsia of the Bile Ducts 


Severity of Vitninin A 

Age of 


Deficiency 

Infant 

Case 

Marked 

6 months 

2 

Moderate 

8 months 

1 

Moderate 

7 months 

5 

Slight 

C months 

c 

Slight 

12 weeks 

i 

Very slight 

6 months 

3 

None 

5 Mceks 


None 

e weeks 


None 

8 weeks 


None 

9 weeks 


None 

0 months 



COMMENT 

As long ago as 1857, Althof and Muller described the appearance 
of keratomalacia in two dogs with biliary fistulas which were kept alive 
for four years Dolganoflf in 1897 tied ofif the common ducts m dogs 
and noted the appearance of the ocular signs of what is now recognized 
as vitamin A deficiency 

The mannei in which obstructive jaundice acts to make vitamin A 
unavailable to the body is only partially understood Blegvad’s ^ experi- 
ence with his patient who responded to the intramuscular administra- 
tion of a special extract of cod liver oil but not to the oral admin- 
istration of the oil led him to express the belief that the absence of 
bile from the small intestine in cases of severe obstructive jaundice 
in some way prevents the absorption of the fat-soluble vitamin A 

12 Althof, H, and Muller, H Wurzb med Ztschr 2 349, 1861 

13 Dolganoff, W Arch f Augenh 34 196, 1897 
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More recently Schmidt and his co-workers “ have shown that dogs 
with an induced vitamin A deficiency and exclusion of bile from 
the small intestine, due either to obstruction of the common duct or to 
formation of fistulas between the gallbladder and the colon, could not be 
cured of disease due to vitamin A deficiency with cod liver oil or cai otene 
given orally The signs of the deficiency m these animals could, however, 
be made to disappear following the intramuscular administration of vita- 
min A Similar lesults were obtained by these investigators by giving 
carotene or cod liver oil by mouth together with bile salts 

However, it is not certain that the failure of icteric patients to absorb 
vitamin A is related directly to the faulty absorption of fat which occurs 
in jaundice, since neither vitamin A nor its precursor, B-carotene, is 
a fat , the former is an alcohol and the latter a hydrocarbon Both 
are readily separated from the fats with which they are found by the 
process of saponification, carotene and vitamin A remaining in the unsa- 
ponified fraction The part played by bile in the absorption of complex 
hydrocarbons and their alcohols has not yet been elucidated It has been 
shown,’-'^ however, that both bile and certain pancreatic enzymes are 
necessary for the absorption of cholesterol, a substance chemically allied 
to vitamin A and carotene The absorption of cholesterol and the absorp- 
tion of fat are, however, entirely independent of each other , it may 
well be that the same is true of the absorption of fat and of vitamin A 

Some degree of vitamin A deficiency is probably much more common 
in patients with severe protracted jaundice than is now generally recog- 
nized Wolbach showed that the ocular changes, i e , xerosis and 
keratomalacia, are among the last to appear in patients and animals with 
vitamin A deficiency The six patients here described showed definite 
histologic evidence of avitaminosis, although they were clinically without 
signs or symptoms of it 

Although this study was made entirely on infants, it is reasonable 
to assume that the conclusions that are drawn from it are applicable to 
adults as well There is no reason to suppose that the mechanism of 
absorption of vitamin A in children is different from that m adults 
Moreover, the literature contains reports of cases of adults with severe 
protracted jaundice in whom vitamin A deficiency developed in spite of 
the fact that they received definitely adequate diets 

14 Schmidt, W , and Schmidt, C L A Univ California Publ Physiol 
7 211, 1930 Greaves, J D , and Schmidt, C L A J Biol Chem 105 xxxi, 
1934 

15 Karrer, P , Morf, R , and Schopp, K Helvet chim acta 14 1431 1931 

16 Karrer, P , Helfenstem, A , Wehrli, H, and Wettstein, A Helvet 

chim acta 13 1084, 1930 -neivet 

17 Mueller, J H J Biol Chem 27 463, 1916 

18 Blackfan and Wolbach ^ Wolbach and Howe sa, c 

19 Blegvad^ Owen and Hennesseys 
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SUMMARY 

Microscopic evidence of vitamin A deficiency was found in six of 
eleven infants with severe protracted jaundice due to congenital atresia 
of the bile ducts in spite of the fact that they were receiving diets ade- 
quate in vitamin A The deficiency occurred in five of the six infants 
who lived at least six months The sixth infant to show evidence of 
avitaminosis was a premature twin infant 

The presence of this deficiency disease may be overlooked because 
the specific ocular changes of vitamin A deficiency occur late in the course 
of the disease 

The deficiency apparently occurs as a result of failure of absorption 
of vitamin A from the gastro-intestinal tract due to the absence of bile 
There is evidence indicating that the parenteral administration of 
Yitamin A is effective in patients in whom vitamin A deficiency develops 
as a result of severe obstructive jaundice The oral administration of the 
vitamin together with bile salts also is possibh of value 
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Several theories of the etiology of dental caries are based on the 
assumption that susceptibility to the disease depends on or is influenced 
by a disturbance of the acid-base balance of the body reflected as 
augmented acidity or impaired neutralizing power either of the saliva 
or of the tooth “fluids ” Among those who have advanced views of 
this kind are Broderick/ Bodecker,- Jones, Larsen and Pritchard,® 
Kugelmass and King ^ and Grove and Grove ® The views of these 
authors coincide on some points and diverge widely on others, and the 
evidence adduced, based on studies of human material, is no more than 
suggestive Yet a degree of general acceptance has been gained by 
the view, particularly, that the ash reaction of the diet may be a factor 
of importance in dental caries, and from the experimental point of view 
certain scattered observations have made it desirable to submit the 
question to study Mellanby and Pattison ® have reported that cereals, 
which are acid-forming foods, may be canes-promoting agents in the 
human dietary , these workers do not, however, interpret this observation 
as supporting the acid-base theory Hanke has stressed the value of 
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large doses of orange and lemon juice m combating dental caries in 
children, and, although these authors also incline to a different inter- 
pretation, their findings may be regarded as favoring the views under 
discussion since citrus fruit juices in large amounts shift the dietary ash 
reaction toward alkalinity Of immediate interest to ourselves has been 
the fact that the methods we have used for the production and study of 
experimental dental caries m rats (Rosebury, Karshan and Foley®) 
involve the feeding of diets containing as the major constituent cereals — 
rice or corn We have shown that chemically identical diets which were 
physically altered by grinding the cereal to a fine powder are entirely 
without canes-producmg effect, but the important question remains 
whether caries can be produced experimentally by means of a diet with 
an alkaline ash 

EXPERIMENTS 

The influence of an alkaline dietary ash on the production of experimental 
dental caries in rats was studied by two methods, one of which also involved a 
direct test in the rat of the observations of Hanke that citrus fruit juices fed in 

Table 1 — Diets Used in Experimental Study of the Production of Canes 


Percentage of Component m Given Diet 


r 


Component 

73 

74 

75 

76 

77 

78 

Brown rice, 10 mesh 

92 

02 

92 

02 


09 

Dried lima beans, 10 mesh 





92 

23 

White potato devtrin 

8 

8 

8 

8 

8 

8 

Orange and lemon juice 

Synthetic citrate mixture 1 
Synthetic citrate mixture 2 
Water 

Adlib 

Ad lib 

Ad hb 

Ad lib 

Ad hb 

Ad lib 

Spinach leaves 

3 Gm 

per rat per day In eaeh diet 




large quantities are effective against caries in children At the same time, in the 
expectation of a reduction of experimental caries as a result of the feeding of 
citrus juice, two additional control groups were instituted in order to assist the 
analysis of such a finding The diets employed are described in table 1 

The juice of California oranges and lemons was expressed fresh each day, 
strained through muslin, centrifugated at 1,000 revolutions per minute for thirty 
minutes and decanted Twelve parts of orange juice by volume were mixed with 
one part of lemon juice, and the mixture fed in place of water in inverted bottles 
supplied with glass tubes adjusted to allow free drainage on suction but to mini- 
mize leakage 

Changes in the orange and lemon juice mixture on standing — alteration of 
flavor and increased turbidity — ^were an objectionable feature unavoidable under 
the conditions of feeding Supplementary tests conducted with the juice mixtures 
under the feeding conditions indicated, however, that these changes probably did 
not influence the course of the experiment Little or no change in pa. occurred 

8 Rosebury, T , Karshan, M,and Foley, G J Dent Research 12 464, 1932, 
13 379, 1933 , J Am Dent A 21 1599, 1934 





ROSEBURY-KARSH AN— DENTAL CARIES IN RAT 


859 


Cultures in neutral dextrose broth and on neutral dextrose agar and the tomato 
agar of Kulp and White » yielded no growth in some instances and occasional 
colonies of yeast and staphylococci m others, so that the change was apparently 
not fermentative The animals that ingested the mixture, furthermore, although 
deprived of water, were equivalent in growth and survival to those on the control 
diet (76) 

The two synthetic citrate mixtures used m diets 74 and 75 were prepared as 
controls for the acid-base, sugar and fluid content of the natural juices (74) and 
for the salt content m addition to the other factors (75) The acid-base properties 
of the natural juices were determined as follows 


(o) In determinations of the pa the juice of four oranges and that of two 
lemons were tested separately and in 12 4- 1 mixtures by means of the glass elec- 
trode with the following results oranges, pa 3 36 to 3 81, average 3 65 , lemons, 
pa 2 37 and 2 38 , mixtures, pn 3 13 to 3 45, average 3 32 
(&) In determining the organic acids a method suggested by Schlatter was 
followed Two 10 cc samples of the juice of each of two oranges were neutral- 
ized with standard sodium hydroxide, phenolphthalein being used as indicator, 
and the neutral mixtures were transferred to platinum crucibles, evaporated to 
dryness and ashed The ash was treated with a known excess (45 cc ) of standard 
sulphuric acid, made up to 50 cc , and a 25 cc sample of this was neutralized with 
standard sodium hydroxide, phenolphthalein being used as indicator Whole and 
centrifugated oiange juices were found to agree closely The method yielded 
the following values titrated acid, 0 168 and 0 196 normal, with the average 0 182 
normal , total organic acid, equivalent to 22 6 and 25 2 cc of 0 1 normal sulphuric 
acid in 10 cc, or the equivalent estimated as 0226 and 0252 normal citric acid 
Lemons were not tested, and the higher citric acid value, 0 25 normal, was selected 
for use 


(c) The composition of the edible portion of oranges was given by Bronson 
as follows water, 86 9 (per cent) , protein, 0 8 , fat, 0 2 , carbohydrate and fiber, 
116, ash, 0 5 Myers and CrolP^ found that California oranges contained 1418 
per cent sugar, made up of 8 1 per cent sucrose and 6 08 per cent reducing sugar 
The latter values were used, the reducing sugar made up equally of dextrose and 
fructose 


(d) Bronson gave the percentage salt composition of the ash of California 
oranges as follows potassium oxide, 48 94, sodium oxide, 2 50, calcium oxide, 
22 71 , magnesium oxide, 5 34 , ferric oxide aluminum oxide, 0 97 , manganese 
oxide (Mn3 O*), 0 37, phosphorus pentoxide, 12 37, sulphur trioxide, 5 25, silicon 
dioxide, 0 65 , chlorine, 0 92 Since potassium is the predominating cation, synthetic 
mixture 1 (without added salts) was prepared as a simple citric acid and potassium 
citrate buffer with sugar added Using the values derived, 50 cc samples of 
025 normal citric acid were titrated electrometrically with 5 times normal 
potassium hydroxide , 0 82 cc of the latter was found required to produce pa 33, 
this IS equivalent to 4 53 Gm of potassium hydroxide per liter of 0 25 normal 
citric acid For mixture 2 we used 3 Gm of potassium hydroxide per liter of 


9 Kulp, W L , and White, V Science 76 17, 1932 

PI Schlatter, H m Allen, A H Commercial Organic Analysis, ed 5, 
Philadelphia, P Blakiston’s Son & Co, 1923, vol 1, p 749 

11 Bronson, B S Nutrition and Food Chemistry, New York, John Wiley & 
Sons, Inc, 1930 

12 Myers, V C , and Croll, H M J P,ol Chem 46 537, 1921 
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0 25 normal atnc acid as calculated from the data on the ash, and the remaining 
salt values were calculated to correspond Iron, aluminum and silicon were omit- 
ted A separate salt mixture was prepared as follows from chemically pure 
ingredients, and 20 cc added as a component of each liter of mixture 2 


Sodium chloride 7 G Gm 

Sodium sulphate 19 3 Gm 

Magnesium sulphate 23 2 Gm 

Magnesium earbonatc (basie SMgCOa Mg(0H)2 SHsO) 43 7 Gm 

Tncaleium phosphate 13t 5 Gm 

Caleium carbonate 72 5 Gm 

Distilled Hater to make 1,000 cc 


The two synthetic mixtures were prepared as follows 



1 (Without Salts) 

2 (With Salts) 

Citric acid (M W 210 OS) 

217Gm 

21 7 Gm 

Potassium hjdroxide, electro] j tic sticks 

4 53 Gm 

3 0Gm 

Salt mixture (as in the foregoing formula) 


20 0CC 

Sucrose 

SlOGm 

81 0 Gm 

Dextrose 

30 4 Gm 

30 4 Gm 

Pructose 

30 4 Gm 

30 4 Gm 

Distilled water to make 

1,000 cc 

1,000 cc 


Both mixtures were somewhat flat but not objectionable in taste and were 
well tolerated by the animals They ivere prepared fresh at intervals of about a 
week, and the stock was kept in the refrigerator between feedings They did not 
undergo detectable change on standing during these intervals Several samples 
were tested for pn by the glass electrode at intervals during the course of the 
experiment The results ranged from pn 3 25 to pn 3 39, with the two mixtures 
in close agreement 

Dried lima beans were selected for use in diets 77 and 78 because they are 
somewhat similar both physically and chemically to rice , but instead of the slightly 
acid reaction of rice ash their ash has a strongly alkaline reaction, due chiefly to 
their higher content of potassium and sodium The ash reactions of the dietary 
ingredients and of the diets as fed are given in the next paragraph Diet 77 was 
not successful in that animals that ingested it did not survive more than twenty- 
two days of experimental feeding The addition of ammonium chloride as 1, 1 5 
and 2 per cent of the diet, respectively, with three successive groups of animals did 
not prolong survival The results with this diet are consequent^ omitted from 
the tables but are mentioned in the body of the report 

The food and fluid intakes were measured at intervals in all groups except 77 
The food intake averaged 5 2 Gm of dry diet per rat per day in all groups, and 
the fluid intake 6 4 cc per rat per day, with no characteristic group differences 
The intake of spinach per rat per day is estimated as 2 Gm of the edible portion 
To calculate the ash reactions of the diet as fed, the following values for dietary 
ingredients, given as cubic centimeters of normal acid or base per hundred grams, 
were used nee, 9 acid (Sherman ^3), lima beans, 4165 base (Sherman and 
Gettler , orange juice and synthetic citrate 2, 8 6 base, and synthetic citrate 
1, 8 1 base (both calculated from the data given), and spinach, 218 base (calcu- 
lated from Sherman’s data) These values jneld the following for the ash 
reactions of the diets as fed in terms of cubic centimeters of normal acid or alkali 
per day diets 73 and 75 0 55 base, diet 74, 0 53 base, diet 76 (control), 0 01 

13 Sherman, H C Chemistrj' of Food and Nutrition, New York, The Mac- 
millan Company, 1928 

14 Sherman, H C , and Gettler, AD J Biol Chem 11 323, 1912 
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base, and diet 78, 0 65 base The control thus appears to have been approximately 
neutral as fed, t!ic acid effect of the rice having been counterbalanced by the 
spinach ingested, and all the experimental diets were definitely alkaline 

In an attempt to check these calculated values determinations were made during 
the course of the experiments on the fin of the urine and the fin and the carbon 
dioxide content of the blood plasma Blood for these purposes was drawn by 
cardiac puncture under liquid petrolatum and transferred to oxalate tubes contain- 
ing oil These were centrifugated under solid paraffin Urine was collected over- 
night by keeping the animal in an improvised metabolism cage consisting of a 10 
pound (4 5 Kg ) tin with the bottom removed, set over a circle of 10 mesh wire 
gauze into a large glass funnel which had another circle of gauze placed at a lower 
level and sealed to the glass with paraffin The stem of the funnel was connected 
by means of a rubber stopper with a separatory funnel below The apparatus was 



Glass electrode chamber for anaerobic determination of fin of blood and urine 

filled with liquid petrolatum up to about the lower third of the tapered portion of 
the large funnel and about 1 cc of toluene added Animals were placed in groups 
of two m the tin in the evening, and the urine was removed and tested the following 
morning The urine thus obtained was clear and normal in color and odor All 
pB determinations were made at 25 C on the glass electrode by means of the 
vessel shown m figure 1 The plasma and urine samples under oil were allowed 
to stand in the constant temperature chamber (F Roseburyi®) for about fifteen 
minutes and were then aspirated into the vessel and the stopcocks closed The 
vessel was washed between determinations by flushing it with 95 per cent alcohol 
3nd then with distilled water By this procedure good checks were obtained with 
standard buffers The values for fin as given have been corrected to 37 C by 


15 Rosebury, F J Indust Engin Chem (Anal Ed ) 4 398, 1932 
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the method of Cullen lo Determinations of the carbon dioxide content were made 
on 0 2 cc of plasma by the method of Van Slyke and Neill^’’ 

The additional methods employed were the same as those previously used and 
described The jaws and teeth of one lateral half of the mandible of each animal 
were sectioned and examined microscopically, the results for caries recorded by 
the use of the index value and the indexes compared by the statistical method out- 
lined in the preceding report in this series 

Table 2 — The Incidence of Caites and the Aveiage Values for Plasma pn and 
for Caibon Dio vide and Urine pn in Gioiips 73 to 78 


Caries Plasma 

/ * > / * > 

E\pcri AnI CO=, 

mental mals, Vol 


Group 

AnI 

mals 

Additions to 

Basal Diet 

Period, 

Days 

per 

(3ent 

Index 

Pa 

per 

Cent 

Urine, 

Pa 

73 

12 

Orange lemon juice ad lib , no 
water 

EO-123 

100 

11 3 ± 1 1 

7 30 

61 2 

680 

74 

11 

Citrate ml\ture 1 ad lib , no 
water (without salts) 

60-130 

100 

10 2 ± 1 5 

7 30 

680 

699 

75 

12 

Citrate mixture 2 ad lib , no 
water (with salts) 

50-130 

100 

73±14 

7 33 

66 9 

709 

76 

10 

None (control) 

50-llG 

BO 

76 + 18 

7 34 

65 8 

6 80 

78 

11 

Dried lima beans 

McCollum stock diet (6 animals) 

50-130 

81 

69 + 18 

7 27 
729 

69 2 
67 4 

6 30 

6 75 


Table 3 — Significance 0 ‘f the Effects on the Incidence of Caiies of the Addition 
to the Basal Deficient Diet Containing 10 Mesh Rice, Dextrin and Spinach, 
of Oiange and Lemon Juice, Citrate Mixtures, Dried Luna 
Beans and Sitgais Other Than Dextrin 


Group 

Animals 

Carles Index 
m* 

mo 

D 

D 

<7D 

Odds Against 
Random 
Oceurrence 
of Difference 

Pooled control 

94 

76 + 06 





73 

12 

11 3 + 1 1 

80 + 05 

33 + 12 

28 

195 to 1 

74 

n 

10 2 + 1 5 

79 + 05 

23 + 16 

14 

5tol 

75 

12 

73 + 14 

76 + 05 

03 + 15 

02 

<1 tol 

78 

11 

69 + 18 

75 + 05 

06 + 19 

03 

<1 tol 

73, 74, 75 

85 

95 + 08 

81±06 

14 + 09 

16 

8 tol 

30,31 

10 

11 6 + 1 3 

80±05 

36 + 14 

26 

106 tol 


* m, mo, means , D, difference between two means , an, standard deviation of D , values 
following ± signs are standard deviations The deviation of these values and the method of 
analysis are described In the preceding paper In this series ” 


RESULTS 

Data on the incidence of caries, the pu and the carbon dioxide deter- 
minations are given in table 2, and the significance of the results, in 
table 3 The values for plasma pu and carbon dioxide and for mine pu 
are within the normal range, as indicated by comparison with the values 
for animals on the modified McCollum stock diet The calcification of 


16 Cullen, G E J Biol Chem 52 501, 1922 

17 Van Slyke, D D , and Neill, J M J Biol Chem 61 523, 1924 

18 Rosebury, T , and Karshan, M Arch Path 20 697, 1935 
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the teeth and bones of these animals, not lecorded in the tables, was 
uniformly poor, and the sepaiate gioups Avere not mutuall} distinguish- 
able on this basis The levels and latios of calcium and phosphorus in 
these diets are given in table 4 

The results as indicated m tables 2 and 3 -weie as follows No 
significant i eduction in the incidence of caries was obtained in any of the 
experimental groups as compaied with the control oi with the pooled 
control group used for more precise statistical analysis Thus the i educ- 
tion of canes expected in the giotip that leceived natuial citrus juice was 
not obtained, instead the incidence of canes w^as inci eased in this gioup 
to an extent bordeiing on statistical significance The three groups that 
leceived orange and lemon juice oi a citiate mixtuie show^ed decreasing 
canes indexes from the group that received natuial juice, wuth the 
highest index, to the group that received the citrate mixtuie plus salts, 
with the lowest index, but it is doubtful whether this trend is real oi 
meiely the lesult of random variation These questions are discussed 
later in this paper 

Table 4 — Levels and Ratios of Calcium and PhosfiJionis in Diets 


Diet 



73 

74 

75 

70 

78 

Oaleium 

OOW 

0029 

0 044 

0 029 

0 042 

Phosphorus 

0 253 

0 247 

0 253 

0 247 

0 207 

Ratio 

017 

012 

017 

012 

016 


It has been noted that diet 77, in which ground rice w^as replaced 
entirely by dried lima beans ground to pass a 10 mesh sieve, did not 
allow survival for the period usually required with iice diets to pioduce 
the first fissure-canes lesions In tw'enty-eight animals placed on the 
three modifications of this diet the period of survival ranged fiom three 
days to only Iw^enty-twm days The jaws of all of these animals were 
nevertheless sectioned and examined microscopically, and it seems 
worthy of note that one of these animals, which had survived only seven 
days of experimental feeding, showed a characteristic fissm e-caries 
lesion of stage 3 in the second molar The third molar had not yet 
erupted Over the lesion, impacted in the fissure, was a paiticle recog- 
nizable as Inna bean b) compaiison with sections of beans made in 
different planes and distinct from rice and spinach sectioned similarly 

COMMENT 

It IS clear from these results that the feeding of orange and lemon 
juice oi synthetic mixtures similar in chemical composition but lacking 
protein, fat and vitamins exeits no protective action against dental canes 
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piocluced in lats with a coaise iice diet With the natiiial juice and 
the synthetic mixtuie lacking added salts the incidence of canes was 
inci eased If this increase is significant, it may be related to that pro- 
duced in a pievious experiment® when dextiose oi sacchaiose u^as 
substituted foi the dextrin in the basal diet (diets 30 and 31, table 3) 
and may depend on the added sugai in the diet It is especially worthy 
of note in this connection that Shibata, as lecently determined by Cox 
from a diiect tianslation of the original Japanese papei, repoited that 
dextiose and sacchaiose weie more effective in pioducmg canes than 
dextrin We had previously misinteipieted this statement in the English 
\eision of Shibata’s lepoit These obseivations, augmented by the 
lecent findings of Koehne, Bunting and Mon ell m children, suggest 
that the importance of difterent sugai s in the canes-producing diet is 
woith fuithei investigation Additional studies on this phase of the 
subject are now in progress in this laboiatoiy 

The lesult obtained with diet 78, which contained dned lima beans 
m addition to nee, both giound to pass a 10 mesh sieve, is inteiesting 
from two points of view It appeals, fiist, that in the absence of added 
sugar, which may have acceleiated caries in diets 73 to 75, the incidence 
of caries was not alteied with a diet having a definitely alkaline ash 
The implication is cleai that the reaction of the ash of the diet cannot 
be regal ded as a factor in the production of expeiimental dental canes 
in rats Furtheimoie, it appeals likely, although not satisfactoiily 
demonstrated by these lesults, that lima beans may havecaiies-pioducing 
properties similai to those of rice, as suggested by the fact that the 
incidence of canes in group 78 was not reduced despite i eduction in the 
dietary propoition of nee, and by the finding of caries in a single instance 
on the rice-free diet 77 

SUMMARY AND CONCLUSIONS 

Eighty-foul lats 22 days of age were distributed among gioups 
that received, respectively, the basal caries-producing diet containing 
10 mesh nee, dextrin and spinach, and the following modifications of it 
the basal diet with oiange and lemon juice (12 -j- 1) fed ad libitum in 
place of water , the basal diet with a synthetic citrate mixture having the 
acid-base properties and sugar content of the natural citrus juice mix- 
ture, the basal diet with a synthetic citiate mixtuie having the acid-base 
propel ties and sugai and salt content of the natural juice, a diet in 
which all of the rice was replaced by 10 mesh dned lima beans, and a 
diet in which pait of the rice was leplaced by lima beans The method 

19 Cox, C J Personal communication, 1934 

20 Koehne M , Bunting, R W, and Morrell, E Am J Dis Child 48 6, 
1934 



R0SEBURy-k4RSH AN— DENTAL CARIES IN R4I 


865 


of pieiDanng the citrate mixttnes has been desciibed The acid-base 
piopeities of the diets weie calculated and the animals tested foi the 
pn and caibon dioxide content of the plasma and the pn of the urine 
The jaws and teeth of all the animals weie studied mici oscopically foi 
canes The results appear to wan ant the following conclusions 

The feeding of oiange and lemon juice ad libitum in place of watei 
with a caiies-pioducing diet of 10 mesh iice did not i educe the incidence 
of caries but lesulted in an mciease of doubtful significance This result 
was duplicated to less degree when the natuial citius juice was replaced 
b} sj nthetic citiate mixtures having m one case the acid-base propeities 
and sugar content and m the other the acid-base piopeities, sugar content 
and mineial content, of the natural juice The increase of canes 
obtained, if significant, may depend on the feimentable sugai piesent in 
these mixtuies 

A diet in nhich enough of the iice was replaced by dried Inna beans 
to pioduce a mixtuie with a definitely alkaline ash did not yield a 
significantly lowei incidence of canes than was obtained with the basal 
nee diet, which had an appi oximately neutial reaction as fed A nce- 
fiee Inna bean diet did not allow survival beyond twenty -two days of 
feeding but pioduced a typical lesion of fissuie-caries m a lat that 
siuvived only seven days of expenmental feeding 



RENAL LESIONS FOLLOWING INJECTION OF SODIUM 
DEHYDROCHOLATE IN ANIMALS WITH AND 
WITHOUT BILIARY STASIS 

HAROLD L STEWART, MD 

AND 

ABRAHAM CANTAROW, MD 

PHILADELPHIA 

In the couise of our studies of biliai}’^ stasis and decompression in 
the cat^ sodium deh3'di ocholate - was administered m Older to inves- 
tigate the effect of a bile salt of supposedl}'^ extremely low toxicity on 
certain hepatic lesions developing undei those expeiimental conditions 
To our stiiprise, a seveie and rather characteiistic lesion was uniformly 
found in the kidneys m animals with and without biliarj stasis Similai 
changes were found m dogs without stasis These observations aie of 
Intel est in connection with the controversial problem of epithelial regen- 
eration in the kidney and in legaid to the probable mechanism of diuresis 
which has been observed clinically following the administration of 
sodium deh 3 '-drocholate 


MATERIAL AND METHODS 

Fifty-one cats (weighing from 13 to 4 3 Kg ) and four dogs (weighing from 
6 to 15 Kg ) were employed m this stud 3 ’’ The}”^ were maintained on a diet of 
fresh raw scrap meat and milk Five senes of experiments were performed, as 
follows 

Experiment 1 — Sodium dehydrocholate, in a 20 per cent solution, was injected 
into a vein in the leg in sixteen cats at twenty-four hour intervals over periods 
of from one to seventeen days, in individual doses of 0 2 cc per kilogram of body 
weight This dose would not be regarded as excessive for clinical use The 
animals were killed by bleeding under light ether anesthesia twenty-four hours 
after the last previous injection of sodium dehj'drocholate Determinations of the 

This investigation was aided by the Jefferson Medical College Hospital Tumor 
Clinic and the Martin Reseaich Fund 

From the Department of Pathology, Jefferson Medical College and Hospital, 
and the Laboratory of Biochemistry, Jefferson Medical College Hospital 

1 (a) Cantarow, A , and Stewart, H L Am J Path 11 561, 1935 (b) 

Stewart, H L , and Cantarow, A Am J Digest Dis & Nutrition 2 101, 1935 
(c) Stewart, H L , Cantarow, A, and Morgan, D R Arch Path 19 807, 
1935 (d) Stewart, H L, and Lieber, M M ibid 19 34, 1935 (c) Cantarow, 

A , Stewart, H L , and Lieber, M M ibid 20 535, 1935 

2 Sodium dehydrocholate is available in the form of decholin sodium (obtain- 
able from Riedel-de Haen, Inc , New York, which has been accepted by the 
Council on Pharmacj-^ and Chemistry of the American Medical Association) The 
decholin employed in the present study was supplied bv Mr Paul de Haen 
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nonprotein nitrogen were made on blood obtained at this time, and nrine aspirated 
from the bladder was submitted to routine chemical and microscopic examination 

Experiment 2 — In three cats sodium dehydrocholate (0 2 cc per kilogram of 
body weight, m a 20 per cent solution) was injected into a vein in the leg The 
animals were killed by bleeding under light ether anesthesia two, three and four 
days, respectively, after injection Specimens of blood and urine were examined 
as in experiment 1 

Experiment 3 — In three cats sodium dehydrocholate (0 2 cc per kilogram of 
body weight, m a 20 per cent solution) was injected into the portal vein, which 
was exposed at laparotomy under ether anesthesia Ihe animals were killed by 
bleeding under light ether anesthesia one, two and three days, respectively, after 
injection Specimens of blood and urine were obtained and examined as in 
experiment 1 

Experiment 4 — Sodium dehydrocholate (0 2 cc per kilogram of body weight, 
m a 20 per cent solution) was injected daily into a vein in the leg in four dogs, 
which were killed by bleeding under light ether anesthesia twenty-four hours after 
one, two, three and four injections, respectively Blood was obtained daily from the 
heart for determinations of the nonprotein nitrogen No urine was present m the 
bladder m any case at autopsy 

Experiment 5 — In twenty-nine cats the common bile duct was ligated close 
to the duodenum at laparotomy under ether anesthesia After twenty-four hours 
of biliary stasis sodium dehydrocholate (0 2 cc per kilogram of body weight, in 
a 20 per cent solution) was injected into a vein in the leg Individual animals 
received from one to fifteen injections during periods of stasis of from two to 
eighteen days, with the exception of a few instances of prolonged stasis m which 
a few injections were made at forty-eight hour intervals, they were given at inter- 
vals of twenty-four hours The animals were killed by bleeding under hght ether 
anesthesia twenty-four hours after the last previous injection Specimens of blood 
were obtained and examined as m experiment 1 All cases were excluded from 
present consideration in which there w'as any evidence of infection or of patency 
or reconstruction of the common duct or entrance of bile into the intestine through 
anomalous or accessory ducts 

Pieces of tissue were fixed in a dilute solution of formaldehyde U S P (1 10) 
or solution of formaldehyde wnth Zenker’s solution Some were subsequentlv 
frozen, cut and stained with nile blue sulphate and scarlet red, the remainder 
being blocked in paraffin, cut and stained with hematoxjhn and eosm and Mallor 3 '’s 
connective tissue stain 

EXPERIMENT 1 

Obser-vations were made on sixteen cats killed twenty-four hours after from 
one to fifteen injections into a vein m the leg 

Gloss Obscivatwns — The kidneys were swollen to a moderate degree after 
from one to eight injections but were either normal in size or smaller than normal 
m animals receiving a greater number of injections The surface, which was 
rather uniformly yellow in the early stages, tended to be more definitely brown in 
the later stages The cut surface was consistently edematous, and the tissue was 
soft in consistencs The cortex was relatively narrow, even in kidneys that were 
increased in size, this change becoming progressively more marked with increasing 
numbers of injections, in the later stages, the thickness of the cortex was dimin- 
ished In from 30 to 40 per cent In the shorter experiments (from one to eight 
injections) the outer zone ot the medulla frequently showed fine bright red punc- 
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tate and linear markings, later, fine gray striations were occasional!}^ noted in 
this situation 

Mtci oscopic ObsciMfions — By far the most outstanding histologic changes 
occurred m the tubules, which showed variable degrees of dilatation and degenera- 
tion and evidences of regeneration of the lining epithelium Relatively minor 
changes were noted in the interstitial tissue of the outer medullary and inner 
cortical zones, which showed evidence of a mild inflammator} reaction, with vas- 
cular congestion, edema, slight infiltration by cells and, in the later stages, increase 
in connective tissue Glomerular lesions were inconstant and relatnely incon- 
spicuous and m no instance resembled those characteristic of glomerulonephritis 



Fig 1 — Section of kidney showing (a) tubules with increased outside diameter 
and (b) tubules with increase in the diameter of the lumen associated with flat- 
tening of the lining cells Many cells show hydropic degeneration and necrosis 
Magnification, about 200 X 

I 

Dilatation of Tubules Some increase in the outside diameter of the tubules 
was noted throughout the entire course of the experiment This was frequently 
diffuse but m some instances was particularly marked in localized portions of the 
tubule This dilatation was prominent after a single injection and persisted as a 
prominent feature m animals recenmg seven or eight injections, decreasing subse- 
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quently but still being present to a variable degree The diameter of the lumen 
was also increased, this increase being proportional both to the increase in outside 
diameter and to the diminution in the height of the lining cells, described in the 
next section (figs 1 and 2) 

Regressive Changes in Tubular Epithelium Marked regressive changes were 
present in the tubular epithelium in every case The intensity of these changes 
did not increase in proportion to the number of injections, but rather appeared to 
be related to the nature of the epithelial cell predominating in each case , i e , 
there was a \ariable degree of susceptibility of the various forms of regenciated 



Fig 2 — Section of kidney showing extensive dilatation of tubules, flattening 
of epithelial cells and pale, reticular character of certain cells lining straight 
tubules Magnification, about 50 X 


cells to subsequent injuri Some degree of regressne change, however, was 
observed m different instances both in at 3 pical regenerated and in normal-appear- 
ing cells In many cases, particularly m the earh stages, the process was gener- 
alized, but in some instances following several injections it appeared to be more 
intense in the straight tubules of the inner cortical and outer medullary zones 
Mter a single injection there were extensive degeneration and necrosis of the 
cells that could be recognized as apparenth the original tubular epithelial cells 
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In the early stage of the degenerative process the cell was swollen and was either 
homogeneous and acidophilic or hydropic, with pale, granular and reticulated 
cytoplasm and curvilinear striations, the long axis of the cell being tilted in rela- 
tion to the basement membrane (figs 1 and 2) As the regressive process pro- 
gressed the nuclei showed the characteristic evidences of necrosis, the cellular 
outlines became obliterated and cytoplasmic disintegration, beginning at the free 
border, progressed inward, leaving a ragged luminal outline and, in occasional 
tubules, a completely' denuded basement membrane Degenerative changes were 
most extensive after one or two injections, involving particularly the original 
lining cells of the tubules With increasing numbers of injections (from five to 
eight) the predominating type of epithelium was of the atypical, flattened form 
described later (under regeneration) which, although apparently resistant to sub- 
sequent injury, neiertheless was involved in the regressive process to a variable 
extent in certain cases In the late stages (twelve or more injections) a large 
proportion of the tubules were lined by tall columnar cells which resembled the 
original cells, and in these the intensity of degeneration and necrosis sometimes 
approached that observed after a few injections 

The lumens of the tubules contained shreds of lining membrane, hyaline drop- 
lets, albuminous material and casts, and in some instances they were filled with 
cells, desquamated singlv or cn masse Calcific deposits were frequently observed 
within the lumens of the tubules and at times m necrotic lining cells in both the 
cortex and the medulla 

Regeneration of Tubular Epithelium EMdences of regeneration were obtained 
in every instance in all stages of the experimental period This was characterized 
particularly by the development of an aty'pical form of regenerated cell, which was 
present in all cases, and in some instances in great numbers, after a single injec- 
tion These atypical cells, when first formed, yvere exceedingly flat when viewed 
in cross-section , their nuclei were two or three times the normal size , they' were 
usually oval but sometimes round, the long diameter being sometimes vertical, 
sometimes parallel and sometimes situated obliquely to the basement membrane 
The relatively' large size of the nuclei in proportion to the cytoplasm caused them 
to protrude into the lumen of the tubules, producing a beadlike appearance When 
cut tangentially, these cells appeared large, oval or round, sometimes irregular, 
with a slightly basophilic cy'toplasni and a pale nucleus containing numerous fine 
particles of chromatin, one or more dense masses of chromatin and sometimes 
vacuoles (fig 3) These flat cells were observed in all portions of the renal tubule 
in different animals In the early period of the experiment (from one to three 
injections) they tended to occur in groups of tubules in triangular areas in the 
outer layer of the cortex, the base lying toward the surface of the kidney In the 
later period they were more diffusely' distributed, but involved particularly' 
the tubules in the inner cortical and outer medullary zones This markedly flat- 
tened cell was most numerous in animals receiving from four to seven injections, 
the great majority' of the tubules in some cases being lined by this type of epithe- 
lium In the later stages these cells usually diminished in number 

Other atypical forms of epithelial cells were present throughout the course of 
the experiment These appeared to represent transition stages between the very 
flat cells already' described and the mature tubular epithelium They varied in 
height from low cuboidal to tall columnar types, the cy'toplasm becoming less 
basophilic as the cell increased in height The nuclei became smaller and roundel 
as the height of the cell increased, the arrangement of chromatin simultaneouslv 
changing from that noted in the case of the flat cells to one approaching normal, 
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with a distinct tendency toward hyperchromasia In many instances single tubules 
were lined by flat, cuboidal and columnar cells, the nuclei of which were situated 
at different levels in relation to the basement membrane, imparting an e>.tremely 
irregular appearance to the epithelial lining Syncytial masses of cells possessing 
all the characteristics of viable newly regenerated cells, as alreadv described, were 
observed, particularly in the tubules of the inner laver of the cortex and the outer 
layer of the medulla, these at tunes practically occluded the lumen of the tubule 
These cells could be readilj differentiated from degenerated and necrotic masses 
of cells desquamated into the lumen 



Fig 3 —Section of kidnev, with tubule crossing field from left to right, showing 
flattened tvpe of atypical regenerated cell (a) m cross-section and (b) cut 
tangentiallj and (c) four mitotic figures in the same plane Magnification, about 


Mitotic figures were observed in association with all varieties of epithelial cells 
both at^pIcal and normal, m all portions of the tubule, being most consistently 
present and most numerous in the tubules of the inner cortical and outer medullary 
zones (fig 3) They were noted at every stage of the experiment, although not 
m e^erv animal, being most numerous after from tuo to seven injections and 
decreasing subsequently except m one case m which large numbers were seen 
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after twelve injections In some places these dividing cells appeared to be growing 
beneath the degenerated cells of the original lining membrane, but at times they 
projected into the lumen of the tubule In some cases cells undergoing mitosis 
were scattered singl} throughout the renal tissue, while in others several such 
cells were present in a single tubule 

Interstitial Tissue Changes in the interstitial tissue were limited particularly 
to the outer layer of the medulla and the inner laver of the cortex, being less 
constant and less marked m the latter situation These changes were apparentlj 
inflammatory, consisting of capillary congestion and thrombosis, edema, cellular 
infiltration and fine fibrosis of the interstitial tissue No fibrin was observed in 
aity instance After a single injection the intertubular capillaries in these situa- 
tions were dilated, h}'-peremic and occasionally thrombosed and contained an 
increased number of polymorphonuclear leukocytes Few or no mflammator} cells 
were noted m the interstitial tissue during this period After two or more injec- 
tions edema, cellular infiltration and a fine fibrosis developed, these changes being 
distributed generally throughout the region of the corticomedullar} junction, with 
focal areas of increased involvement, particularly in tlie outer layer of the medulla 
Edema was most marked after from six to eight injections and in some instances 
was so extensive as to cause compression of the surrounding tubules Fibrosis was 
never extensive, but cellular infiltration was marked after from fourteen to sixteen 
injections, the predominating cells being mononuclear leukoC3tes and Ivmphocytes 
In a few cases polymorphonuclear and mononuclear leukocvtes were obseryed m 
the lumens of the tubules in this region 

Glomeruli Morphologic eyidence of glomerular damage yvas absent in most 
cases and yvhen present was slight and inconstant There yvere y'ariable changes 
in size, cellularity and congestion of glomerular tufts in different cases as yvell 
as in different portions of the kidney in individual animals These changes bore 
no consistent relation to the number of injections or to the degree of invohement 
of the remainder of the kidney The capsular spaces were at times dilated and 
at times small and frequently contained acidophilic granular material, hyaline drop- 
lets and desquamated cells The parietal cells yvere often desquamated, and the 
capsule was frequently lined b}" pale, flat or cuboidal basophilic cells yvhich resem- 
bled the neyvl}^ regenerated cells of the renal tubules At times these cells yvere 
arranged in syncytial masses and yvere occasionally observed in mitosis In a 
feyv animals in the late stages an occasional glomerulus in the deep layer of the 
cortex yvas involved in the inflammatorj' and fibrotic process occurring in this 
area 

Stainable Lipid The distribution of stamable lipid in fourteen nonpregnant 
adult animals was as folloyvs (1) conyoluted tubules only, tyvo cases, (2) con- 
y'oluted and Henle tubules, seven cases, (3) convoluted, Henle and collecting 
tubules, five cases Fatty casts yvere present in large numbers in two cases, and 
in one instance remnants of the old necrotic, desquamated lining membrane yvithin 
the lumens contained numerous droplets of lipid, yvhile the atypical regenerated 
lining cells of the same tubules contained no stamable lipid Stainable lipid yy'as 
found in the extremely flat \ariety of regenerated epithelium in only one case, but 
it was occasionallj’^ present in transitional forms In several instances a large 
proportion of the convoluted tubules contained no stainable lipid 

Blood and Unnc — ^We have obtained values for the nonprotein nitrogen of the 
blood as high as 55 mg per hundred cubic centimeters in apparentty normal cats 
In five cats, tyventy-four hours after a single injection of sodium dehydrocholate 
the values for the nonprotein nitrogen of the blood yy'ere as folloyvs 30, 46, 114, 127 
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and 148 mg per hundred cubic centimeters, the corresponding values for cieatinine 
being 1 4, 1 7, 5 4, 3 2 and 2 6 mg, respectuely In ten animals leceiving from 
two to fifteen injections the concentration of the nonprotein nitiogen ranged from 
30 to 67 mg, being below 55 m six and above 55 in four instances The level 
of the nonprotein nitrogen of the blood bore no demonstrable relation to the 
number of injections after the first injection 

The urinary findings were extremelj variable Seieial specimens were appar- 
ently normal , others contained from a trace to a heavy cloud of albumin, from 
a few to many hvahne and granular casts per low pow'er field and from 15 to 60 
pus cells per low' power field 


EXPERIMENT 2 

Observations were made on three cats killed tw'O, three and foui dais following 
a single injection into a vein in the leg 

Grossly, the kidneys resembled those described pre\iousl> In the cat killed 
two days after the injection there w'ere moderate edema, degeneration and necrosis 
of the tubular epithelium, with marked desquamation of the lining cells and occa- 
sional deposits of calcium Regeneration of atypical flattened cells w'as relatively 
slight, and mitotic figures were occasionally seen A few casts were seen in the 
tubules, and there was evidence of a mild inflammatory reaction m the region of 
the corticomedullary junction Dilatation of the tubules and regressive changes 
in the tubular epithelium were less marked than in animals studied tw'enty-four 
hours after a single injection, as described previously 

In the cat killed three days after a single injection there W'as marked, diffuse 
dilatation of the tubules, about 35 per cent of which were lined by the flattened, 
atypical variety of regenerated epithelium, chiefly cuboidal There were a moderate 
degree of degeneration, some calcification and marked edema of the tubular 
epithelial cells Manv mitotic figures were observed There was a mild inflam- 
matory reaction in the outer medullary interstitial tissue 

In the cat killed four days after a single injection all regressive changes were 
distinctly less severe than in the cat killed three days after the injection There 
was but slight dilatation of the tubules of the cortex and outer layer of the 
medulla, many of which W'ere lined by cells which, although not markedly flat- 
tened, could be readily recognized as newly regenerated cells, apparently approach- 
ing normal m size, shape, staining reaction and nuclear characteristics In places 
these cells were arranged m syncytial masses w'hich occupied the entire lumen of 
the tubule No mitotic figures were observed, and there was little if any evidence 
of inflammatory reaction in the interstitial tissue 

Stainable lipids were present in the epithelium of both the Henle and the 
convoluted tubules in each case In the cat studied three days after the injection 
fine granules of lipid were observed in the very flat and cuboidal varieties of 
atypical regenerated epithelium 

The concentrations of the nonprotein nitrogen of the blood two, three and 
four days after a single injection of sodium dehydrocholate were 46, 59 and 
52 mg per hundred cubic centimeters, respectively The urine of the cat killed 
after two davs was essentially normal , that of the cats killed on the third and 
fourth days contained a light cloud of albumin and an occasional hyaline and 
granular cast and from 15 to 20 pus cells per low power field 


EXPERIMENT 3 
Observations were made on three cats killed 
single injection into the portal vein 


one, two and three davs after a 
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In the cat killed one day after injection there was moderate dilatation of the 
tubules, with marked degeneration, necrosis and desquamation of the lining cells 
There was a moderate degree of regeneration of the atypical, flattened variety 
of epithelium, and no mitotic figures were seen The tubules contained numerous 
casts, and the inflammatory reaction in the interstitial tissue was of mild degree 
These changes closely resembled those observed in animals studied twenty-four 
hours after a single injection into a vein in the leg 

Two davs after the injection practically all the tubules showed an extreme 
grade of dilatation, about one third of the lining cells being of the atypical, flat- 
tened variety Large numbers of mitotic figures were present Regressive changes 
were less se\ere than in the cat killed one da}"- after the injection A few areas 
of calcium deposition were observed, and there was a mild mflammatorj'^ reaction 
m the interstitial tissue of the outer laj'cr of the medulla 

In the cat killed three da3's after injection, dilatation and degeneration were 
distmctlj' less marked than in the cat killed two daj's after the injection The 
number of atj^pical, regenerated epithelial cells was approximately the same, but 
the majority of these were cuboidal rather than markedly flattened and were 
definitely more normal m appearance No mitotic figures were seen 

Stamable lipids were present in the epithelium of both the convoluted and the 
Henle tubules in each case and also in the collecting tubules in tbe animals studied 
three da^s after injection Although the transitional tj^pe of epithelium contained 
some lipid material, none was observed in the extremely flat cells 

The concentrations of the nonprotein nitrogen of the blood one, two and three 
davs after a single injection into the portal vein were 34, 55 and 40 mg per 
hundred cubic centimeters, respectively The urine of the cats killed one and two 
davs after the injection was essentially normal, tliat of the cat killed on the third 
daj’’ after the injection contained a trace of albumin, an occasional hj'alme and 
granular cast and from 50 to 60 pus cells per low power field 

EXPERIMENT 4 

Observations were made on four dogs killed twenty-foui hours after one, two, 
three and four injections, respectively, into a vein in the leg 

With certain minor exceptions, the changes in the kidneys closely resembled 
tl ose observed m cats studied under similar conditions Grossly, there was 
marked edema Dilatation of the tubules, although distributed equallj"^ widelj', was 
not as marked as m cats receiving the same number of injections Edema, degen- 
eiation and necrosis of the tubular epithelial cells were uniformly present and 
appeared to be more severe than m the cat Atypical forms of regenerated epithe- 
lium were noted in all cases, but mitotic figures were extremely scarce A mild 
inflammatorj reaction was present m the interstitial tissue of the medulla and 
walls of the cahces and pehus, the predominating types of infiltrating cells being 
plasma cells and mononuclear leukocjdes As m the cat, glomerular changes were 
inconspicuous 

Small quantities of stamable lipid were present m each case m the cells of the 
Henle tubules and m three cases (one, two and four injections) m the epithelium 
of a few convoluted tubules Fatty casts were present m the medullary tubules 
in one case (two injections) Stamable lipids were not observed in the atypical 
lorms of regenerated epithelium 

The v'alues for the nonprotein nitrogen of the blood were as follows 

Dog 1 — Control, 40 mg , four hours after injection, 49 mg , twenty-four hours 
alter injection, 34 mg 
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Dog 2— Control, 28 nig , four hours after injection, 44 mg , twenty-four hours 
after injection, 52 mg , two days after injection, 38 mg (twenty-four hours after 
the second injection) 

Dog 3— Control, 42 mg , four hours after injection, 56 mg , twenty-four hours 
after injection, 28 mg , two days after injection, 30 mg (twenty-four hours after 

the second injection) , three days after injection, 32 mg (twenty -four hours after 

the third injection) 

Dog 4-- Control, 37 mg , four hours after injection, 46 mg , twentj-four hours 
after injection, 33 mg , two days after injection, 29 mg (twenty-four hours after 

the second injection) , three days after injection, 36 mg (twenty-four hours after 

the third injection) , four days after injection, 28 mg (twenty-four hours after the 
fourth injection) 

EXPERIMENT 5 

Observations were made on tw'entj -nine cats w ith total biliary stasis (for 
from two to eighteen days) killed twenty-four hours after from one to fifteen daily 
injections into a vein in the leg of 0 2 cc of sodium dehydrocholate (a 20 per cent 
solution) per kilogram of body weight The periods of stasis and injection were 
concurrent, the injections being started twenty -four hours after ligation of tlie 
common bile duct 

Gloss Ohsavahons — After a single injection (stasis of two days) the kidneys 
were swollen, the cortex was wide and pigmentation was relatively' slight Subse- 
quently the kidneys were frequently of normal size or smaller than normal , the cor- 
tex was usually narrow, and pigmentation was rather consistently intense, varying 
from deep brown to the characteristic grass green seen m total biliary stasis The 
surface of the kidney presented a peculiarly mottled appearance, with irregular areas 
of more intense pigmentation superimposed on a diffusely stained background, the 
mottling being most conspicuous toward the pelvis , at times these more deeply 
colored areas tended to become confluent Edema of the cut surface, although noted 
occasionally, was in no instance a prominent feature 

Occasionally the green-brown color of the cut surface of the cortex was 
relieved by pale striations running perpendicularly to the surface of the kidney 
In many cases the medulla immediately beneath the cortex presented a narrow 
red or brownish-red zone of vascular hyperemia, which m some animals extended 
slightly into the cortex The tips of the pyramids were usually light or dark 
brown, the area of medullary tissue intervening betw'een the zone of hyperemia and 
the tips of the pyramids usually being pale 

Mxaoscofxc Obscxvatxons — Pigmentation The intensity of pigmentation 
varied m individual cases, but in general those animals m which biliary 
stasis was prolonged presented a marked degree of pigmentation more 
consistently than those in which stasis was of brief duration In some 
cases the bile pigment occupied the tubular epithelial cells diffusely, no 
definite granules being demonstrable, while in others it was present m the form 
of light yellow or brown granules The pigmentation was generalized m distribu- 
tion, all portions of the tubule being involved Bile-stamed casts were noted in 
various situations, and the desquamated epithelium and precipitated protein mate- 
rial within the lumens w'ere frequently bile-stained 

Dilatation of Tubules Increase m the outside diameter of the tubules was 
particularly marked after from six to eight injections but was not a prominent 
feature during the earlier and later stages of the experiment Increase in the 
diameter of the lumen laned considerably, being dependent on the height of the 
lining epithelium as well as on the outside diameter of the tubule 
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Regressive Changes in Tubular Epithelium Marked regressive changes were 
present in every case As in the animals without biliary stasis, the intensity and 
extent of these changes did not increase in proportion to the duration of the 
experiment but appeared to be related to the relative proportions of t 3 'pical and 
atvpical forms of epithelium present in each instance The morphologic charac- 
teristics of the degenerated and necrotic cells were similar to those described in 
connection with these changes m the kidne 3 ’’S of animals without biliary stasis 
However, certain minor differences were noted The homogeneous t 3 'pe of cell 
was general^ more intenseh acidophilic, the h 3 dropic, reticulated cells stood out 
more prominentl 3 ^, and superimposed on these features there was a variable but 
rather consistently marked degree of bile pigmentation Bile-stained casts, 
desquamated, degenerated epithelium, hyaline droplets and albuminous material 
were frequentlv seen within the lumens of the tubules Calcified deposits were 
rarely observed 

Regeneration of Tubular Epithelium Evidences of regeneration of tubular 
epithelium were present m every instance, the essential features being identical 
with those described previousl 3 ' in connection with the groups of animals without 
biliary stasis All varieties of the at 3 'pical, newl 3 ' regenerated epithelial cells 
were observed The largest proportion of extremely flat cells was noted in an 
animal receiving seven injections, but relativel 3 ' large numbers of at 3 "pical cells 
were obseived in all cases throughout the course of the experiment Mitotic 
figuies were exceedingly numerous m all stages after the second injection, in one 
case as many as thirteen being noted in a single high power field The regen- 
erating cells were occasionally piled up in S3'ncytial masses 

Interstitial Tissue and Glomeruli The interstitial tissue and glomeruli pre- 
sented much the same appearance as in the groups of animals described previously 
Interstitial fibrosis was never marked, and the glomerular tufts showed no evi- 
dence of significant structural damage 

Stainable Lipid The distribution of stainable lipid in twenty-two adult, non- 
pregnant cats receiving from one to fifteen injections (stasis of from two to 
eighteen days) was as follows (1) convoluted tubules onlj'-, two cases (a single 
injection and stasis of two days), (2) convoluted and Henle tubules, ten cases, 
(3) convoluted, Henle and collecting tubules, seven cases, (4) Henle and collect- 
ing tubules, one case, (5) convoluted and collecting tubules, two cases Stainable 
lipid was never observed in the extremely flat v'ariety of at 3 'pical regenerated 
epithelium 

Blood Nonpiotcin Nitiogcn — Values for the nonprotem nitrogen of the blood 
.anging from 29 to 42 mg per hundred cubic centimeters were obtained in 
seventeen cats receiving from two to fifteen injections (stasis of from three to 
eighteen days) 

It seems evident that sodium dehydi ocholate, injected intiaveously, is 
actively nephrotoxic for the cat and dog In the cat the lenal changes 
following a single injection into the portal vein weie identical, qualita- 
tn^ely, and cjuantitatn^ely, with those which followed a single injection 
into a vein m the leg The process w'^as essentially degenerative, it 
mvoh^ed the epithelial cells of the tubules thioughout their entire extent 
and was particularly maiked m the region of the coiticomedullaiy junc- 
tion There were inconstant and lelativ'ely inconscpicuous degenerative 
changes in the glomeruli in some instances and evidences of a mild 
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inflammatoi}^ leaction and fibiosis in the inteistitial tissue of the outer 
medullaiy zone 

Of particular mteiest weie changes in the tuhulai epithelium indic- 
ative of active legeneiation The moiphologic characteristics of the 
regeneiated cells were similai to those desciihed hy Suzuki,^ Oliveid 
MacNidei,® Hunter and MacKay and Olivei ‘ and otheis m connection 
with the nephiotoxic effects of a vaiiety of substances, such as uranium 
nitrate, meicury bichloride, potassium bichromate and sodium phosphate 
As eaily as twenty-foui houis aftei a single injection of sodium dehydio- 
cholate an extensive degeneiative lesion was accompanied by the 
development of a flattened type of newly legeneiated epithelium At 
this time these atypical cells, although not extiemely niimeious, weie 
piedominantly of the veiy flat vaiiety Within a four day peiiod 
following one injection the intensity of the degenerative process 
giadually subsided and the numbei of atypical newly regenerated cells 
increased, reaching a maximum on the third day, at which time they 
constituted approximately 35 pei cent of the lining cells of the renal 
tubules Mitotic figures were also most numeious at this peiiod (thiee 
days), being present in association with both mature and atypical foims 
of epithelial cells The relative proportion of the extremely flat type 
of cell steadily diminished, being leplaced by cuboidal cells and, on the 
fouith day, distinctly columnar cells which, although obviously newly 
regeneiated, were appioaching noimal in size, shape, staining 
leaction and nuclear characteiistics The impression was obtained that 
the flat cells, constituting the original regenerative response, giadually 
and piogiessively developed into the cuboidal and columnai foims and 
eventually acquired all the characteristics of mature renal epithelial cells 
This is in accoid with the observation of Addis and Oliver ® of a similar 
transition from atypical to mature forms of epithelium m animals 
receiving a single injection of nephrotoxic mineial salts 

The studies of MacNider,® Hunter,® Hunter and Roberts ® and other-- 
have led to the now generally accepted concept that the atypical foim 
of legenerated epithelium which develops in response to the nephrotoxic 
action of certain substances (meicury bichloiide, uianium salts, potas- 
sium bichromate) is resistant to the toxic effects of subsequent admin- 

3 Suzuki, T Zur Atorphologie der Nierensekretion unter physiologischen 
und pathologischen Bedmgungen, Jena, Gustav Fischer, 1912 

4 Oliver, J J Exper Med 21 425, 1915 

5 MacNider, W deB J Exper Med 49 411, 1929 

6 Hunter, W C Ann Int Med 2 796, 1929 

7 MacKaj, E kl , and Oliver, J J Exper Med 61 319, 1935 

8 Addis, T, and Oliver, J The Renal Lesion in Bright’s Disease New 
York, Paul B Hoeber, Inc , 1931, pp 125 and 126 

9 Hunter, W C , and Roberts, J M Am J Path 9 133, 1933 
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istration of these agents This belief is substantiated b\ the obseivations 
made in the piesent study In animals receiving repeated injections of 
sodium dehydrocholate at mteivals ot twenty-foui houis, legressive 
changes were not ohsened m the extremel} flat type of immature cell, 
even though the mature cells throughout the renal parenchyma showed 
evidences of an advanced stage of degeneration Immature cells which 
were apparently tiansitional between the very flat variety and the mature, 
columnar foim showed degeneiative changes to a vaiiable degree but 
were appaienth less susceptible than the original lenal epithelium to 
the nephiotoxic effect of sodium deh 3 '^drocholate Aftei the original 
exposuie, theiefore, the morphologic chaiacter of the lenal i espouse to 
subsequent injections was influenced to a laige extent by the lelative 
pioportions then piesent of thiee classes of epithelial cells, i e , (1) those 
with little if ail}'’ lesistance (oiiginal, mature form), (2) those with 
variable but increased lesistance (tiansition forms of legeneiated cells) 
and (3) those with a high degree of resistance (extremel)'^ flat regen- 
erated forms) In view of the fact that aftei from six to eight 
injections the gieat majority of the tubules weie lined by the very flat 
type of epithelium, it is probable that but few of the tallei, more matuie 
cells that piedommated m the later stages of the expeiiment weie cells 
originally present m the kidney It is mteiesting to note that legiessive 
changes, although piesent in these tallei forms of epithelium after fiom 
twelve to fourteen injections, were not as seveie or as extensive as 
those noted aftei a single injection This observation is m accoid with 
the hypothesis of diminished susceptibility of the newly legeneiated 
atypical cells to the eftects of repeated exposuie to a nephiotoxic agent 

The renal changes obseived in animals with total biliaiy stasis were 
essentially similar to those occuiring m animals without obstruction of 
the common bile duct, with certain exceptions The seveiitj'^ and extent 
of degeneiation weie not significantly influenced by the state of biliaiy 
stasis Regeneration, on the othei hand, was appaiently moie active, 
mitotic figures particularly being much more numerous The explana- 
tion of this point of difterence is not readily ajDparent foi in a previous 
study no evidence of active regeneiation and no mitotic figures were 
obseived m the kidneys of cats with total uncomplicated biliaiy stasis 
Bile pigmentation of the kidneys was definitely more intense in animals 
with biliary stasis receiving dehydiocholate than m those studied 
previously 

The marked dilatation of the tubules, which -was a lathei constant 
finding following the administiation of sodium dehydrocholate, resembled 
in certain respects that noted by us following decompiession of the 
obstructed biliaiy system of the cat However, diminution in the 
height of the lining epithelium under the latter ciicumstances was 
apparently due to actual mechanical stretching rathei than to the develop- 
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ment of atypical forms of legeneiated cells One point of interest and 
possibly of significance is the fact that calcific deposits, which were not 
a conspicuous feature in the kidneys of the animals with biliary stasis 
which received injections, weie extremely numerous m one animal with 
spontaneous decompi ession It is possible that calcific deposits in 
animals with total stasis may have been obscured to some degree by 
deeply pigmented bile casts 

The effect of sodium dehydiocholate differs from that generally 
reported in the case of uranium salts in that it is apparently exeited on 
the epithelium of the lenal tubule thioughout its entiie extent Accoid- 
ing to Hunter and Roberts,® regeneration does not usually occur before 
fiom four to six days after the administration of uranium and meicury. 
and Addis and Oliver ® stated that the flat, newly regenerated cells begin 
to assume mature characteristics about the end of the second week 
With the administration of sodium dehydrocholate, regeneiation appar- 
ently occurs much more rapidly, the extremely flat type of cell being 
present in abundance within twenty-four hours and a gradual tiansition 
toward the mature form beginning almost immediatel} On the fourth 
day after a single injection transition forms predominate, comparatively 
few cells being of the extremely flat variety 

Theie has been considerable controversy regarding the natuie of the 
mechanism which prevents the markedly atypical forms of regenerated 
cells from attaining maturity in animals receiving nephrotoxic mineral 
salts Addis and Olivei ® stated 

Although It has been suggested that the cause of this continued abnormality 
on the part of the developing cells might be sought in some toxic effect of the 
uranium on the germ plasm of the new cells, to us a more rational and 

simpler explanation seems to be an interference with their growth or nutrition 
bj the proliferating connective tissue which is at the same time developing side bv 
side with the epithelial structures 

Huntei and Roberts ® subscribed to this view In this connection it 
IS interesting to note that m the present experiments proliferation of 
connective tissue was practically absent m the cortex, and in this situa- 
tion there appealed to be little if any inhibition to the progiessive 
development of atypical regenerated cells into matin e forms This 
observation would appeal to support the hypothesis advanced b)^ Oliver ^ 

Modell and TiavelO® found that uianium intoxication m cats was 
accompanied by the development of an abnormal disti ibution of stainable 
lipids m the kidnej These substances, which are normally confined to 
the epithelium of the convoluted tubules increased in amount m this 
situation and, in addition, extended into the cells of the Henle tubules 


10 Modell, W, and Travel!, J Anat Rec 59 253, 1934 
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A similai abnormality of distiibution was reported by us in cats during 
biliaiy stasis and decompiession It was suggested that the appearance 
of lipids in the epithelium of the Henle and collecting tubules probably 
was not a pait of a legiessive process but lather was related to meta- 
bolic changes or to an alteration in the functional activity of the tubular 
epithelium The obseivations m the piesent experiment resemble those 
previously desciibed in animals with nephiitis due to uianium and with 
biliary stasis and decompression Because of the presence of degenera- 
tive changes throughout all portions of the lenal tubule, no further light 
IS thiown on the pathogenesis of the altered distiibution of lipid It is 
of interest to note that stainable lipid was laiely obseived m the 
extiemel} flat variety of the atypical legenerated cell, increasing in 
amount as the cell became more mature This may be i elated in some 
way to the development of functional activity b} these cells 

In many instances the piesence of functional or morphologic renal 
injui) was evidenced by the appeal ance of albumin and casts in the 
mine The fact that the most marked grades of nitiogen retention weie 
geneially obseived within twenty-foui hours aftei the first injection of 
sodium dehydrocholate suggests that the most severe functional injury 
IS associated with the extensive initial degenerative changes m the 
oiiginal lenal epithelial cells The subsequent subsidence of the level of 
the nonpiotein nitiogen of the blood in most cases, despite repeated 
injections of dehydiocholate, suggests that the atypical regeneiated cells 
possess some degree of functional activity Unfortunately, no func- 
tional studies were made aftei a single injection in animals with biliaiy 
stasis, however, the absence of nitrogen retention in seventeen such 
animals receiving from two to fifteen injections was in stiikmg contrast 
to Its piesence in four of ten cats without biliai) stasis which lecened 
multiple injections It is of inteiest in this connection that the actnuty 
of legeneration was generally gieatei in the foimei than in the latter 

In view of the numeious observations of the pionounced choleietic 
eftect of sodium dehydrocholate and in view of the probability that it 
IS eliminated, to some extent at least, in the bile it seems strange that 
relativel) little difference in nephiotoxic effect was noted m the 
animals with and without biliaiy stasis The question may be laised 
whether this substance may not undergo repeated excretion and reab- 
soiption by the kidney, its elimination by the liver occurring gradually 
This hypothesis is stiengthened by the observation that the changes in 
the kidney which followed the injection of deltydrocholate into the 
portal vein were practically identical with those which followed its injec- 
tion into a peripheral A^ein 

The clinical literature contains maii}^ references to a diuretic effect 
of sodium dehydrocholate in patients with edema associated with con- 

11 Stewart, Cantarow and Morgan Modell and TravelPo 
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gestive heart failure and othei conditions accompanied by hepatic func- 
tional impaiiment This diuresis has been explained on theoietical and 
speculative giounds, usually being attiibuted to impiovement in hepatic 
function, with consequent restoration of water balance Despite sporadic 
leference to the observation of swelling of the kidneys in experimental 
animals we weie unable to fiird any leference to a detailed moiphologic 
study of the kidneys following the administration of this substance It 
seems to us that the clinically and expei imentally observed dun esis may 
be explained moie rationally on the basis of the development of a lenal 
tubular lesion, being similar in this lespect to the diuiesis which com- 
monly occms soon after the administration of uianium nitrate 

SUMMARY 

The mtiavenous administration of sodium dehj di ocholate in the cat 
and dog lesults in a severe renal lesion chaiacteiized by regiessive and 
legeneiative changes m the tubular epithelium Changes following 
injection into the portal vein w'ere similar to those ivhich folloived 
injection into a peiipheial vein Advanced giades of nitrogen reten- 
tion were obseived twenty-foui houis aftei a single injection 

The process of regeneration w'as chaiactenzed by the development 
of atypical forms of renal epithelium w'^hich w^eie more resistant than 
the original epithelium to the toxic eftects of sodium dehydiocholate and 
wdnch appealed to develop into mature forms morphologically indis- 
tinguishable fiom the original tubulai cells 

The characteiistic renal lesion was essentiall> the same m animals 
with and without biliary stasis which received injections although 
mitotic figuies w'ere much more numeious in the foimer 

Theie was an alteiation in the distribution of stamable lipid, which 
extended into the cells of the Henle and the collecting tubules, similar 
to that described in cats with nephiitis due to uianium and with 
biliaiy stasis 

These observations suggest that the clinically obseived diuretic eftect 
of sodium dehydiocholate may be dependent on the development of a 
lenal tubular lesion and may be comparable to the diuiesis that occurs 
soon aftei the administration of uranium salts Although the renal 
changes may possibly represent a peculiarity of species, their consistent 
occurrence in both the cat and the dog followung the administration of 
‘^odium dehydrocholate in ordinary theiapeutic dosage lendeis the 
advisabilit) of the clinical employment of this substance doubtful, at 
least until more evidence is at hand of its innocuousness for man 



Case Reports 


DUPLICATION OF THE SPINAL CORD, WITH SPINA 
BIFIDA AND SYRINGOMYELIA 

Artiit R Wni, MD, ai\d WARR^^ B Matthews, MD, Chicago 

Malfoimations of the spinal coid aie of interest not only to the 
pathologist but to the embryologist, who from such aiiests and aberra- 
tions of development ma}'’ draw important conclusions as to the eaily 
stages of giowth of the cential neivous system The piesent case is one 
of the laie instances of duplication of the lowei segments of the spinal 
cold, and the anomaly does not belong to the laige group of artefacts 
in which Van Gieson, somewhat radically, wanted to place most such 
malformations which had been reported prior to his time ^ The case 
may be classified rvith the relatively few instances of duplication of the 
spinal cord which has its origin m a disci epancy of embryonic giowth 
produced either, as the older theories explained, by lack of closure of 
the open neural tube and folding of its lateral walls or, as newer inves- 
tigations suggest, by lack of fusion of the two separated tubes of the 
solid anlage of the lumbar segments into one cential canal 

REPORT OF A CASE 

Histoiv — The spinal cord of a child, 5 months old, w'as obtained through the 
cooperation of Dr Philip Kreuscher Operation had been performed for the relief 
of spina bifida, and an attempt had been made to remove the meningocele But an 
ascending infection of the urinary tract developed and pjclonephritis and death 
followed 

Anatomic and Histologic Rcpoif — Grosslj^ the cer\ical segments of the spinal 
cord showed no abnormalities At the middle of the thoracic region the spinal 

cord bulged The posterior w^all of the cord at this level w'as ruptured, and the 

opening led into a cavitj^ w'hich extended through approximatelj three segments 
At the lower end of the dorsal segments the spinal cord w'as divided into two 
separate cords, which at the cauda equina were surrounded bj' thick scar tissue 
consisting of muscles and connective tissue (fig 1) 

Cervical Enlargement Sections from this level show'ed a well developed 

spinal cord, wdiich, however, was exceedmglj flat The anterior horns differed 

From the Institute of Neurologj^ and the Department of Pathology of North- 
western University Medical School and the Weslev Memorial Hospital 

1 Van Gieson I New York M J 56 336, 1892 
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m size The smaller contained fewer, more elongated and smaller neurons than 
the horn of the other side The central canal was widened and lined 
with an inner row of large cylmdric cells with cilia on the inner surface and 
an outer row of slender cells with long processes extending into the spinal cord 
(fig 2) This type of lining of the central canal with similar primitive ependymal 
cells and supporting spongioblasts was observed throughout the whole spinal cord 
and in the halves of the duplication Both the anterior and the posterior roots 
were present and contained myelinated fibers 

Upper Thoracic Segments Sections from this level showed a microscopic 
picture similar to that alreadj described In the posterolateral column at one 
side there was an area of ghal proliferation consisting in the peripheral portion 
of a loose meshwork of fibers and numerous glia cells, among them were adult 
astrocytes intermingled wutli more primitive, spongioblast-like forms and large 
cells without processes, the nuclei of w'hich contained different stages of mitotic 
division (fig 3) The center of this area w'as necrotic, and in some sections a 
central cavity (syrinx) had developed 

Midthoracic Segments Sections from this level revealed a marked hydro- 
myelia, which had compressed the spinal cord to such an extent that only a thin 


C 



Fig 1 — Posterior surface of the spinal cord The transverse lines a, b and c 
indicate the approximate level from wdiich the microscopic sections were taken 
photographs of which appear in figures 4, 5 and 6, respectively 

wall of nerve tissue remained (fig 4) In other sections the posterior wall of 
the cavity was ruptured (fig 1) More caudal sections showed gradual division of 
the central canal into two portions and gradual separation of the spinal cord into 
three parts, set off by pia-arachnoid The middle part showed no specific struc- 
ture but contained only glia, w'hile the lateral and larger parts possessed the struc- 
ture of a small spinal cord, as described later At this level the posterior wall of 
the central canal, which, like the canal in the other segments with hydromyelia, 
had been deprived of its cellular lining, show^ed a w'artlike protrusion of proliferated 
glia tissue 

Lower Dorsal Segments Sections from this level revealed that the spinal cord 
had been divided into halves, which formed mirror images and were turned at an 
angle of 90 degrees with their anterior fissures facing each other In each small 
spinal cord a widened central canal was present, lined with primitive ependymal 
cells In each cord the two anterior horns were separated, but the posterior horns 
had been united into one, from -which a posterior root originated at about the 
middle of the lateral portion of the circumference (fig 5) Only one anterior 
horn, the one situated more antenorb, was well de^ eloped, it contained normal 
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neurons and sent out an anterior root The other anterior horn was considerabh 
smaller, it contained fewer and smaller neurons and did not send out axons 
tow'ard the periphery Both the anterior and the posterior commissure were w'ell 
developed Only the column of Clarke next the well developed anterior horn had 
normal ganglion cells Occasionally, isolated ganglion cells could also be seen in 
the region of the opposite column of Clarke The central canal of both halves 
was widened and lined wuth embryonic ependjmial spongioblasts The outer zone 
of marginal gha (Held) was rather w'lde and contained mam large astrocjtes 
and few'er ohgodendroglia and microglia cells Each spinal cord had a well 





Fig 2 — Photomicrograph of the lining of the central canal of an upper dorsal 
segment Ciliated cells and an outer row of supportive spongioblasts wdnch send 
out long processes tow'ard the periphery are demonstrated Davenport stain 
Zeiss objective 3 mm, ocular 10 X 

developed anterior fissure (pointing tow’ard the midline) with separate blood 
vessels and pia-arachnoid Furthermore, the tw'o spinal cords w'ere surrounded bj 
a common sheath of connective tissue, with a large anterior spinal arterj^ and vein 
Sacral Segments Sections from this level revealed that the hahes of the 
spinal cord were completely separated by dense masses of connective tissue, which 
also surrounded w^ell mjelinated nerve roots In neither half w'as there a definite 
pattern of arrangement of the gray and w'hite matter The central canal was 
wude and lined as already described Numerous small blood vessels w^ere present. 




Fig 3 — Photomicrograph of a section from an upper dorsal segment, showing 
(d) formation of a glioblastoma with beginning central necrosis (s 3 'ringo- 
rmelia) (Van Gieson stain, Zeiss objective 10 X> ocular 10 X and (B) mitotic 
figures in neoblastic gha cells m the same section (Zeiss objective 3 mm, ocular 
10 X) 
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Fig 4 — Transverse section through a midclorsal segment, showing hjdromjeha 
with destruction of the lining of the posterior wall of the central canal Van 
Gieson stain, Zeiss objective 3 X. ocular 10 X. reduced approximately 8 5 percent 



Fig 5 — Transverse section through a lower dorsal segment, showing duplica- 
tion of the spinal cord To the right a posterior root is seen emerging from the 
posterior horn Davenport stain, Zeiss objective 1 5 X. ocular 6 X 
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surrounded by areas of prohf crated glia, which m places showed beginning necrosis 
with the formation of a syrinx (fig 6) 

COMMENT 

A leview of the literatuie on duplication of the spinal cold published 
up to 1926 has been given in a pievious paper - Since then few cases 
of this malformation ha’ve been repoited AltschuP desciibed such a 
duplication of the spinal coid m the uppei doisal segments of a child 



Fig 6 — Transverse section through a sacral segment, showing marked increase 
111 the number of blood vessels and thickening of the pia-arachnoid Van Gieson 
stain , Zeiss objective 3 X, ocular 6 X 


9 months old Each half contained a sepaiate central canal, which was 
giadually united to the canal of the othei half at the let el of the twelfth 
dorsal segment, below which a normal spinal cord was again piesent 
Unfoitunatelj, no detailed description of the lining of the central canal 
was guen but it appears from the photomicrographs taken with low 

2 Kraus, W kl , and Weil, A Re\ neurol 2 317 (Oct ) 1926 

3 kltschul, R Virchows Arch f path Anat 271 45, 1929 
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magnification that in this case, too, large cjhndnc cells weie present It 
seems that Altschul misinteipieted the Fiench text of the publication 
of Kiaus and Weil - He cited them as “being inclined, on the basis of 
their own obseivation of an artificial duplication, to think that all mal- 
formations of the spinal cord are aitefacts, according to the theory of 
Van Gieson ” In reality, Kians and Weil stated “No case of dupli- 
cation of the spinal coid as a whole has been repoited in the literature 
which can be tiaced to a double embiyomc anlage The dupli- 

cations desciibed had then oiigin in the foimation of embi}onic fissuies, 
foldings of the medullai}'^ plate, separation of the spinal coid by new 
formations of the vertebial column and ingiowth of connective tissue 
or of tumois (dermoids) ” 

A second case of spina bifida combined vith aciania and lachischisis 
was lepoited b}'’ Schenk ‘ His description coi responds exactly to that 
in the piesent case The two separated spinal cords had been turned 
toward the midline at an angle of 90 degiees and lepresented mirroi 
images Each had the structure of a noimal spinal coid with well devel- 
oped hoi ns of gray mattei and a central canal In a thud publication 
von Santha described a duplication confined to the lumbai segments 
Both spinal cords had the normal position of the coid in the adult and 
the second, smaller, division was superimposed on the posteiior pait of 
the laigei If each spinal coid had not contained a separate cential canal 
one might have thought judging from the diawings of sections of the 
lumbai segments, that perhaps one was dealing with an aitefact a 
jjseudoheterotopia 

The piesent case is of inteiest on account of the manifold evidences 
of letardation of development Unusual is the pieseivation of ciliated 
ependymal cells and suppoitive spongioblasts m a child 5 months old 
Furtheimoie the presence of mitotic figuies in the nuclei of the foci of 
piohferated glia indicates that the embiyomc tendency to giowth had 
not yet been arrested or led into adult channels The position of 
this center of growth close to the cential canal is in accoi dance vith 
the noimal embryonic giowth of the spinal coid ^\hlch staits fiom 
germinal centeis close to the cential canal and fiom which newly 
foimed spongioblasts and neui oblasts migrate towaid the peiiphery 
The formation of a central ca^nty of necrosis within the foci of glial 
piohferation in the uppei doisal segments sheds an inteiesting light 
on the development of syringomyelia It suppoits the pievalent 
theoiy that syringomyelia aiises fiom the central neciosis of an 
intramedullary glioblastoma This neoplasm may develop fiom 
embiyomc rests of spongioblasts which lemain close to the midhne 

4 Schenk, V W D Ztschr f d ges Neurol u Psvchiat 146 369 1933 

5 von Santha, K Ztschr f d ges Neurol u Psvchiat 123 753 , 1930 
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and postenoi to the cential canal in the uppei doisal and the Iov\ei 
cervical segments The presence of mitotic figures and the active 
proliferation of gha cells with the formation of pimiitive spongioblasts 
indicate that in this case a leal neoblastic foimation nas piesent, a 
glioblastoma and not merely a reactive gliosis stimulated by the pies- 
sure atiophy of the spinal coid following the marked hydromyelia The 
degree of hydromyelia must have been consideiable m the segments 
below these foci of syringomyelia, because it produced such marked 
thinning of the substance of the spinal coid that the thin, bulging wall 
iiiptuied during caieful lemoval of the cord The maiked overgiowth 
of blood vessels m the sacral segments and the sui rounding gliosis may 
have been the fiist step toward the formation of a hemangioma, which 
occasionally is noted in this region Besides, theie was a tendency 
toward abnormal growth of the pia-arachnoid Consideiable thickening 
occuried throughout this membrane, which assumed massive piopoitions 
in the lowei pait of the sacral region and aioiind the cauda equina 

Another interesting feature m this case is the development of the 
anteiior and posterior horns of gray mattei and then coriespondmg 
nerve loots m the duplicated segments Though theie were two anteiioi 
horns in each half, only the more anteiioily situated contained well devel- 
oped neuions and gave rise to an anteiioi root From the second, under- 
developed, anteiior hour of gray mattei no axons were seen sti earning 
peiipherally In some sections theie was the suggestion of two posteiior 
horns in each half, but the one situated moie postenoi ly usuall} was 
ati opine In most sections the two hours weie combined, and only one 
posterior root aiose from it, near the middle of the lateral surface of 
the cord These observations aie of considerable inteiest to the embi}-- 
ologist They testify to the development of spinal nerve roots and muscle 
nretairreres independent of the development of the spinal cord In this 
connection may be cited the case reported by Sokolairsky,® who described 
the absence of the spinal cord in a fetus nr the presence of well formed 
posterior spinal nerve roots and ganglions In the present case, fuithei- 
moie, only one well formed column of Clarke was piesent in each half 
of the duplicated cord It was situated on the side of the exit of the 
postenoi neive root, i e , m the anterior half of each duplication The 
intei segmental nerve connections of each half of the spinal coid were 
well developed Theie were an anteiior and a posterior commissure 
containing nryehnated fibeis, and the nrtersegmental filrei tracts were 
well foimed With the exception of a rather rvide zone of marginal 
gha there was no abnoimality in the formation of the posterior, lateral 
and anterior columns wdnch contained numerous myelinated fibers 

6 Sokclansk% , G Arch f Ps\ chiat 92 354, 1930 
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Many theoiies have been advanced to explain such a duplication of 
the spinal cord associated with rachischisis Riley has discussed all the 
theoiies in detail Most former investigators assumed that the whole 
spinal cord arises from an open neural tube, and they concluded, there- 
fore, that failure of the tube to close and subsequent folding of the 
isolated lateial walls of the tube lesulted in such a duplication More 
lecently, Holmdahl,® Ikeda “ and otheis suggested that eaily m embry- 
onic life the caudal pait of the spinal cord develops not from an open 
tube but from a solid bundle of cells in which two or more cavities are 
foimed Latei, the two tubes become confluent, and the united cavities 
foim the central canal Failuie of such a fusion lesults in persistent 
duplication of the lowei segments of the spinal coid, aiound each cavity 
neive tissue foims a spinal coid, which is sepaiated from its duplicate 
by ingrowing connectne tissue In the middoisal or the uppei doisal 
legion the two sepaiated central calials gradually become confluent as 
was illustrated m Altschul’s case and also in ours 

SUMMARY AND CONCLUSIONS 

A case of duplication of the spinal coid beginning in the lower doisal 
segments associated with spina bifida is described Besides, maiked 
hydromjeha of the middoisal segments, a cential canal lined by ciliated 
ependymal cells and suppoitive spongioblasts and foimation of a glio- 
blastoma, Avith cential neciosis and syringomyelia in the upper dorsal 
and the lowei ceivical segments, weie present 


7 Riley, H ^ J Nerv & Ment Dis 72 1, 1930 

8 Holmdahl, D E Morphol Jahrb 54 333, 1925 55 112, 1925 

9 Ikeda, Y Ztschr 1 Anat ii Entwcklngsgesch 92 380, 1930 



ARSENIC NECROSIS OF THE STOMACH AFTER 
INTRAVENOUS INJECTION OF 
NEOARSPHENAMINE 


OSCAB O ClTRlSTIAKSON, M D , CHICAGO 

Among the more serious lesions occasionally produced b} the 
intiavenous administration of aisenic are piofound changes of the 
hematopoietic tissues of the bone maiiow, such as aplastic anemia, 
agianulocytosis and puipuia haemonhagica , hemoiihages of the brain, 
termed hemoirhagic encephalitis, and acute retiogiessive and fatty 
changes of the livei Hemoiihages, according to Petii,^ aie the com- 
monest lesions observed post mortem in these cases They occur in the 
brain, heart, pleuiae, seiosa, lungs, kidneys, mouth and lining of the 
gastro-intestinal ti act 

A revien - of the leports on 72 syphilitic patients whose deaths 
resulted from complications due to the intiavenous administiation of 
compounds of organic arsenic, yields the following conclusions Four- 
teen died of aplastic anemia, 7 of agianulocytosis, 4 of purpuia 
haemoirhagica 4 of acute yellow atiophy of the livei, 2 of necrosis and 
hemorrhages of the kidne}S, eighteen of hemoiihagic encephalitis and 
25 of complications apparently due to arsenic therapy, but without 
characteristic changes m the viscera In 38 cases theie w'^ere no 
appreciable changes in the lining of the stomach or intestinal tiact, in 
23, petechial hemorrhages of the gastro-intestmal tract, in 8, similai 
changes of the stomach alone, and in 2, hemoirhages onl) of the lining 
of the small bowel Herzog ^ published the only lepoit of a case in which 
the stomach showed maiked changes, consisting of extensive eiosions, 
hemorrhages and edema of the lining and in which ulceiations weie 
piesent in the large bowel His patient had received eleven intiavenous 
injections of neoarsphenamme, the last about one month befoie death 

Accoiding to these statements, edema and petechial hemoiihages of 
the lining of the stomach are the usual changes noted in cases of arsenic 
poisoning due to intravenous medication The extensive necrosis asso- 
ciated with edema and hemoirhages, desciibed in the following repoit 
IS laie 

* John Jay Borland Fellow 

From the Henry Baird Favdl Laboratory of St Luke’s Hospital 

1 Petri, E , m Henke, F , and Lubarsch, O Handbuch der speziellen patholo- 
gischen Anatomic und Histologic, Berlin, Julius Springer, 1930, lol 10, p 159 

2 These statements were compiled from fortv-five references collected from 
the Quarterlj Cumulate e IndeA and the Quarterh Cumulative Index Medicus 
for the years 1917 to 1933, inclusne 

3 Herzog, G klunchen med Wchnschr 65 29 1918 
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REPORT or CASE 

A white man aged 46 entered St Luke’s Hospital on July 18, 1934, because of 
bleeding from the gums for three daj's and general weakness He had petechiae 
of the palate and buccal and pharyngeal mucosa and a purpuric eruption of the 
skin of the thighs and legs The temperature was 100 2 F The blood count 
showed 3,310,000 ervthroc^ tes, 750 leukocytes and 3,300 platelets per cubic milli- 
meter The differential examination revealed 2 per cent band-shaped polymorpho- 
nuclears, 6 per cent eosinophils, 2 per cent monocytes, 90 per cent small and large 
Ivmphocjtes and no mature poh morphonuclears The bleeding time and coagu- 
lation time were fifteen and four minutes, respectively The hemoglobin content 
was 58 per cent (Sahli) The urine was unchanged The clinical diagnosis was 
agranulocj tosis Three blood transfusions and dailv intramuscular injections of 
pentnucleotide and liver extract during ten da\ s made no appreciable change Death 
occurred on July 28 

The patient had visited a public clinic m Februarj because of weakness and 
mental changes The serologic tests for siphihs were positne, and tests of the 
spinal fluid were negatne In 1922 a Wassermann test of the blood made at 
the same clinic w'as negative During Febriiarv and March 1934 the patient w'as 
given five intramuscular injections, each of 0 2 Gm , of bismuth siibsahcvlate at 
intervals of one w'eek, and four mtraienous injections, each of 3 Gm , of sodium 
iodide For the next six w'eeks he w'as gnen w'eeklv intravenous injections of 
neoarsphenamine, the average dose being 0 6 Gm , and weekh intramuscular injec- 
tions of 0 2 Gm of bismuth subsalicylate From Ma^ 9 to June 6 the patient 
w'as not treated, and the Wassermann reaction of the blood w’as negative On 
June 6 treatment w'as resumed, wuth four intramuscular injections of bismuth 
subsalicjlate at intervals of one w'eek and three intra\enoiis injections of neoars- 
phenamine in the dosage mentioned In all, 5 4 Gm of neoarsphenamine was 
injected in approximate! v three months He had no reaction until three days 
before entering the hospital — nineteen davs after the last injection of neoars- 
phenamine 

The gross and microscopic postmortem examination revealed marked chemical 
(arsenic) pseudomembranous necrosis and hemorrhages of the lining of the 
stomach, signs of recent hemorrhage into the lumen of the stomach and the small 
and large bowel , acute ulcerative gingivitis , petechial hemorrhagic areas in the 
mucous membranes of the soft palate, pharjnx, epicardium, lining of the inferior 
vena cava and lining of the large bow^el , ecch 3 mioses of the skin of the arms and 
legs , slight edema of the brain , central necrosis of the lobules and fatty changes 
of the liver, aplasia of the bone marrow', bronchopneumonia of the right lung, 
cloudy swelling of the myocardium, liver and kidne 3 's, and marked anemia 

The lining of the stomach had large, markedl 3 ’’ edematous rugae extending 
parallel to the long axis, varving from 0 5 to 2 cm m wudth and projecting into 
the lumen about 1 cm (fig ) These rugae and small, scattered, discrete portions 
of the lining of the stomach were covered b 3 ' a gray-browm, firmlv adherent 
pseudomembrane with many small and large red-browm hemorrhagic erosions and 
petechial hemorrhages The mucosa beneath the membrane was necrotic The 
gastric mucosa that w'as not covered by a membrane w'as dull, gra 3 '-red and 
edematous The surfaces made by cutting the large rugae transversel 3 had necrotic 
edematous mucosa, and the submucosa formed a wide irregular layer of red-browm 
tissue with many large hemorrhages The edema of the tissues and the marked 
hemorrhages into the submucosa, although present in all portions of the stomach, 
were most marked m the rugae There Avere no changes m the esophagus or the 
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duodenum An eroded red-gray ridge on the lesser curvature, 2 cm proximal to 
the pyloric ring, measured 5 5 by 3 5 by 15 cm In the submucosa beneath was a 
large contracted blood clot The serosa of the stomach seemed smooth 

Histologically, the mucosa and especially the submucosa of the stomach were 
markedlj^ edematous The surface of the lining was necrotic and covered bv a- 
pseudomembrane that was in places 1 5 mm thick It consisted of necrotic mucosa 
with slight!}' discernible structural details and a large amount of fibrin enmeshing 
desquamated cells, masses of red blood cells and brown blood pigment The 
markedly edematous submucosa had extensive extravasations of red blood cells, 
dilated blood capillaries and deposits of hemosiderin The walls of many small 
arterioles stained poorly, and the endothelial cells of many were swollen and 



Corrosion, pseudomembranous necrosis and hemorrhages of the gastric mucosa 


loosened from the wall of the vessel There were small collections of lympbo- 
cj tes about a few arterioles in the mucosa and submucosa The muscle and serosal 
la\ers had no noteworthy changes 

The liver and kidne 3 s were analyzed b\ Dr C W Muehlberger, the coroner’s 
chemist The liver contained 0 666 Gm of arsenic, and the kidneys, 0 1255 Gm 
The patient had received 5 4 Gm of neoarsphenamine, or an equivalent of 1 946 
Gm of arsenic Accordingly, the amount of arsenic recovered from these viscera 
was 40 36 per cent of the amount administered intravenously, presuming the arsenic 
medication was reported correctlj Considered m terms of unit Aveight, the liver 
had a slightly larger amount of arsenic than the kidneys No mercury or bismuth 
was found m the \iscera examined Stained preparations of the necrotic mucosa 
showed a mixture of staphvlococci, }east cells and fusiform bacilli 
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COMMENT 

Various theoiies have been offered to explain the occasional 
corrosive-hke changes erosions, hemorrhages and edema of the mucosa 
of the gastro-intestinal tiact following the oial oi intiavenous adminis- 
tration of vaiious compounds of arsenic Because of these changes in 
the mucosa, aisenic has been legarded as a coiiosive poison The usual 
changes of the lining of the gastro-intestinal tract of patients who have 
died from the effects of acute or chionic arsenic poisoning however, 
aie hyperemia, petechial hemoiihages and edema Schaumberg, accoid- 
ing to Merkel,^ m 1893 leported such changes in 150 of 197 cases of 
acute arsenic poisoning Pistorius ° administeied laige doses of arsenous 
acid intravenously and oially to cats and dogs without pioducing corro- 
sion of the lining of the gastio-intestinal tiact Unterbeigei and 
Boehm,® in similar expeiiments, pioduced pseudomembranes of the 
lining of the small intestine but not of the stomach 

The excietion of aisenic has been thought to be mainly by the 
mucosa of the gastro-mtestmal tiact The hypeiemia edema, petechial 
hemorihages and othei changes following intiavenous medication weie 
explained according to that viev Lesser " in 1878 ligated the esophagus 
of a dog, then injected aisenous acid mtiavenousl} and subsequent!} 
noted aisenic in the gastiic and intestinal contents He concluded that 
aisenic is excreted by the lining of the gastio-mtestmal tiact 

Others have denionstiated that aisenic is excieted into the bile in 
laige quantities Rolls and Youmaiis ® injected neoai sphenamme mtia- 
venously into twent} dogs In thiee of these the common bile duct 
was ligated, and the bile was collected It was found that appi oximatel} 
eight times as much aisenic was excreted m the bile as m the urine 
Arsenic was noted in the stomach content onh -when bile was piesent 
Buhner® obtained the same lesults He noted tiaces of aisenic in the 
intestinal contents of dogs with ligated bile ducts, but he considered that 
it was due to contamination Within five minutes aftei injection, the 
hvei contained the laigest amount of aisenic, but latei and foi se\eial 
days it contained less than the lungs piesumabh because of the laige 
amount excreted into the bile According to Soilmann also most of 

4 Merkel, Hermann, m Henke, F , and Lubarsch, O Handbuch der speziellen 
pathologischen Anatonne und Histologic, Berlin, Julius Springer, 1926, vol 4, p 294 

5 Pistorius, Hugo Arch f exper Path u Pharmakol 16 188, 1882 

6 Unterberger and Boehm, R Arch f exper Path u Pharmakol 2 89, 

1874 

7 Lesser, A Virchows Arch f path Anat 74 133, 1878 

8 Rolls, A C , and Youmans, J B Bull Johns Hopkins Hosp 34 181, 1923 

9 Bulmer, J M R J Pharmacol &. Exper Therap 21 301, 1923 

10 Soilmann, T A Manual of Pharmacolog} , Philadelphia, W B Saunders 
Compaiiis 1926 p 965 
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the arsenic is excreted through the bile, the fii st 60 pei cent rapidly and 
the remaindei slowly 

Arsenic, therefore, does not act directly on the lining of the stomach 
or intestinal tract as a coirosive or irritant, but in toxic doses it produces 
a vasoparalysis and vasodilatation of the small arterioles and capillaries 
of the mucosa and submucosa This vasoparalysis results fiom its toxic 
action on the innervation 6f the capillaries Boehm, Unterbergei and 
Pistorius were among the first to note the vasopaialytic action and 
subsequent marked d\op in blood piessure when toxic doses of arsenous 
acid were administered orall}'' oi intravenously to dogs The vaso- 
paralysis caused marked circulatoiy stasis and sometimes produced 
thrombi Following the vasodilatation, hemorrhages and marked exuda- 
tion of plasma were noted These changes, they stated, seriously 
impede the blood supply of the overlying mucosa The mucosa becomes 
necrotic and together with the exudates and fibiin foims the pseudo- 
membrane The mucosa thus seems excoriated or corroded 

The patient whose case has been reported piobably was sensitive to 
neoarsphenamine The gross and microscopic changes noted weie com- 
patible with lesions caused by a piimaiy vasoparalysis of the small 
blood vessels in the gastric mucosa and submucosa Theie appears to 
have been delayed excretion of arsenic, because, accoiding to chemical 
analyses, 40 36 per cent of the arsenic was recovered in the kidneys 
and liver thirty-one days after the last injection of neoarsphenamine 
The micro-organisms that weie present in the necrotic gastric mucosa 
are believed to have been secondary invaders, similai to the floia com- 
monly found in the saliva of the mouth 

SUMMARY 

This lepoit describes marked arsenic necrosis and hemorihages of 
the lining of the stomach of a patient who had been treated foi syphilis 
with intravenous injections of neoai sphenamine in moderate doses 
Thirty-one days had elapsed since the last injection of neoarsphenamine 



Laboratory Methods and Technical Notes 


THE APPLICATION OF THE GRAM STAIN TO 
PARAFFIN SECTIONS 

John H Glynn, M D , Montreal, Canada 

Although Christian Gram ^ originally devised his staining method 
for the demonstration of bacteria m tissues, it is doubtful if he recog- 
nized the existence of bacteria which were decolorized by this method 
The use of a counterstam was a later introduction which led to the 
concept of gram-positive and gram-negative organisms (Conn^) At 
the present time the Gram stain is important to bacteriologists because 
it immediately provides a broad classification of bacteria and shows their 
morphology as well Its usefulness, however, has been largely limited 
to smears When the stain is applied to tissue sections the results are 
disappointing 

Weigert’s ® method for the staining of fibrin and gram-positive 
bacteria gives good histologic results and is still widely in use, but 
it does not stain gram-negative organisms MacCallum ^ recommended 
a combination of Weigert’s and Goodpasture’s stains, which differ- 
entiate gram-positive and gram-negative bacteria Other methods 
accomplishing the same purpose have been leported by Lillie,® Scudder 
and Lisa,® Brown and Brenn ^ and Rudnikoff and Stawsky ® 

The use of trmitrophenol in some of these methods suggests that 
the failure of the usual Gram stain to give satisfactory histologic results 
may he in the unsuitable concentration of hydrogen ions at which the 
stains are applied Experiment justifies this assumption 

A senes of paraffin sections of the same material containing both 
giam-positive and gram-negative bacteria was stained as follows 

Each section was brought through xj^lene and alcohol to water in the usual 
way Gentian violet was applied for one minute, followed by compound solution 
of iodine for one minute, and the sections were decolorized with 95 per cent 
alcohol and then washed in water Buffered solutions at pn varying from 1 to 13 
were applied for one minute Dilute carbolfuchsin was added for one minute to 
the buffered solutions on the slide The sections were differentiated and dehydrated 
rapidlj'- in acetone, cleared in xylene and mounted in balsam 

From the Department of Bacteriology, McGill University 

1 Gram, C Fortschr d Med 2 185, 1884 

2 Conn, H J Stain Technol 5 46, 1930 

3 Weigert, C Ztschr f wissensch Mikr 4 512, 1887 

4 MacCallum, W G J A M A 72 193, 1919 

5 Lilhe, R D Arch Path 5 828, 1928 

6 Scudder, S A , and Lisa, J R Stain Technol 6 51, 1931 

7 Brown, J H, and Brenn, L Bull Johns Hopkins Hosp 48 69, 1931 

8 Rudnikoff, I , and Stawsky, H Arch Path 19 543, 1935 
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At pn 7 and above, the tissue as a whole was a diffuse red, the 
histologic character being difficult to make out, and no differenhation 
between gram-positive and gram-negative organisms being shown 
Below pH 7, the differentiation of bacteria and histologic structure 
became increasingly clear with increasing acidity until at a pn between 
2 and 3 the most satisfactory preparations were obtained At pn 2 and 
below, basic fuchsin itself becomes decolorized Similarly, at pn 2 and 
below, gram-positive organisms (except the acid-fast variety) lose the 
gentian violet, as can be demonstrated by washing in water and subse- 
quently staining with basic fuchsin at pu 3 or 4 

The expel iment demonstrates that the Gram stain can be applied 
successfully to tissue sections if the pn at which the basic fuchsin is 
employed is controlled Buffered solutions are unnecessary The com- 
monly used Gram stain for smears can be applied successfully to sec- 
tions if the section is treated with hundredth-normal hydrochloric acid 
for one minute before the application of the basic fuchsin 

As far as the staining reactions of the bacteria are concerned, this 
result might have been predicted from the work of Steam and Steam,® 
who found an iso-electric staining range for gram-positive bacteria in 
the neighborhood of 2 to 3 and a somewhat wider range centering 
about pH 5 for gram-negative bacteria 

The problem of securing satisfactory histologic detail simultaneously 
with good bacterial differentiation intioduces the question of decolorizer 
Churchman’s statement that the “ability to retain the dye when stained 
by the method of Gram is not a property of living cells in general but 
IS almost entirely confined to yeasts and bacteria” must be regarded as 
more relatively than absolutely true When alcohol is used as decolor- 
izer, more or less of the violet is retained by the cell nuclei As Lillie ® 
pointed out, acetone is a more effective and more rapid decolorizer for 
tissue sections Moreover, he compared the effects of alcohol and of 
acetone as decolonzers on smears of eighty-three different organisms 
When discrepancies occurred, the results after the use of acetone were 
more often nearer to the accepted Gram reaction for the organism in 
question 

Lillie’s contention as to the effectiveness of acetone as a nuclear 
decolorizer has been verified in the present study The importance of 
the iodine might be mentioned, for, if it is omitted, even acetone fails 
to remove the violet from the nuclei If iodine forms a precipitate with 
the gentian violet which is adsorbed on nuclear as well as on bacterial 
surfaces, this precipitate is removed by acetone from nuclei and gram- 
negative bacteiia within ten seconds, but not from gram-positive bac- 
teria Evidence that this behavior may be related to lipoid substances is 
found in the observation that the myehn sheaths of nerve cells retain 
much of the violet after being washed with acetone following staining 
with gentian violet and iodine 


9 Steam, A E , and Steam, E W J Bact 9 463, 479 and 491, 1924 10 13 
1925 ’ ' 

10 Churchman J W , m Jordan, E O, and Falk, I S Newer Knowledge of 
Bacteriology and Immunology, Chicago, University of Chicago Press, 1928, chap 3. 
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In Older to improve histologic detail fuithei a c\toplasmic stain 
may be added profitably A number of these have been tried, including 
trinitrophenol, eosm, orange G, metaml yellow, acid yellow G In 
general, these may be used eithei befoie or after the Giam procedure 
without maikedly mteifering with the bacterial and nuclear stains The 
choice of cytoplasmic stain is governed by the need for a color value 
which gives maximum contrast between cytoplasm, bacteria and nuclei 
and at the same time is light enough to permit identification of bacteria 
when vei}^ few are present Foi this puipose, tiinitiophenol has been 
found most satis factoiy 

The details of the piocedure of staining which has given the best 
lesults with a vaiiety of tissues follow 

Paraffin sections are brought through X 3 'lene and alcohol to water in the 
usual way 

/ 

1 Stain with carbol gentian violet foi two minutes 

2 Dram but do not wash 

3 Applj’’ iodine (1= KI H 2 O — 1 2 300) for one minute 

4 App]}' acetone until no more color is removed (about from ten to fifteen 
seconds) 

5 Wash m water Do not allow the section to drj 

6 Apply 0 05 per cent basic fuchsin m five hundredth-normal hydrochloric acid 
for three minutes 

7 Dram but do not wash 

8 Apply saturated aqueous trinitrophenol for from tliirh seconds to one 
minute 

9 Wash m water 

10 Differentiate and deh>drate m acetone for from ten to fifteen seconds 

11 Clear m xylene 

12 Mount m balsam 

The gentian violet used is a pioduct of the National Aniline and 
Chemical Company labeled “Gentian Violet (Ciystal Violet)” Its dye 
content is 90 per cent The coloi index numbei is 681 It has been 
ceitified by the Commission on Staiidaidization of Biological Stains 
with certification number N C 14 The stain was piepaied by tritur- 
ating in a mortar 1 Gm of gentian Molet with 1 Gm of phenol crystals 
Ten cubic centimeteis of absolute alcohol was then added This stock 
solution was diluted ten times with distilled watei, allowed to stand 
forty-eight hours and filteied befoie using 

This particular brand of dye is not essential to the method Equally 
good lesults have been obtained using methyl violet 5 B Grubler and 
crystal violet Grublei 

The basic fuchsin employed is a product of Giubler Furthei 
infoimation about this dye is not available, nor is it known whethei 
the dye is the chloride or the acetate The important point in its 
pieparation is that it is made up by dissolving 0 05 per cent of the 
di}'- d 3 '-e m a solution having a pn between 2 and 3 In fact, this is 
the essential featuie of the entire piocedure Whether this p-^ is 
obtained b}'^ the use of five hundredth-normal hydrochloric 01 tenth- 
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normal acetic acid or a buffered solution seems to be unimportant This 
observation indicates that it is immaterial whethei the basic fuchsin is 
a chloride or an acetate Several samples of basic fuchsin of unknown 
origin have given almost equally good results Safranm 0 Grubler has 
also been employed successfully at pa 2 5, but cleaner histologic detail 
is obtained by the use of basic fuchsin The most suitable concentration 
seems to be 0 05 per cent 

The use of a staining rack and dropping bottles rather than staining 
jars IS recommended since it permits the use of uncontaminated 
reagents 

Preliminary fixation of tissue can be accomplished by the common 
fixatives, formaldehyde solution, U S P (1 10), Zenker’s fluid, 
Zenker’s fluid plus dilute solution of foimaldehyde oi Bourn’s fixative 
can be used with success Better histologic detail seems to be obtained 
by the use of Zenker’s fixative without acetic acid 

When viewed undei the low power of the microscope the tissue is 
lightly stained Gram-positive bacteria are deep violet and easily identi- 
fied with the low powei lens Where cellular exudation is not too 
abundant, the deep red gram-negative bacteria can also be seen under the 
low power lens in contrast to the lighter led nuclei Under oil immer- 
sion both types are sharply differentiated 

Nuclear chromatin stains led, cytoplasm, faint yellow The nuclei 
of nerve cells show differentiation of nucleoli and Nissl bodies Axons 
are unstained Myelin sheaths are violet Edema fluid, fibrin and the 
fibers of connective tissue are pale pink Erythrocytes are yellow 
Gram-positive bacteria are deep violet Staphylococci, streptococci, 
the mycelia of actinomycetes and the vegetative forms of spore-bearing 
species are solidly stained Diphtheria bacilli show barred and granular 
foims Human tubeicle bacilli are less deeply stained than other gram- 
positive organisms and show distinct beading 

Gram-negative baeteria are unifoimly red The clubs of actino- 
mycetes are also red and contrast shaiply with the gram-positive 
mycelium 

The chief advantage of this stain is that it not only provides simul- 
taneously good histologic and bacterial differentiation but stains all 
bacteria that may be present This is particularly useful m the study 
of tuberculous tissue where very young tubercle bacilli may not be acid- 
fast, and secondary invaders are easily identified 

SUMMARY 

A modification of the Gram stain applicable to paraffin sections is 
described The essential feature of the procedure is the use of basic 
fuchsin at a pa of from 2 to 3 Good histologic differentiation as well 
as simultaneous staining of gram-positive and gram-negative bacteria is 
obtained 



FORCEPS AND RETRACTORS MADE FROM SAFETY-PINS 


Paul Gross, M D , and Frank B Cooper, M S , Pittsburgh 


In the absence of sufficiently small yet accurate forceps, safety-pins 
may be conveited into these instruments with little effort and no 
expense 

The head of a no 3 safety-pin, together with a corresponding amount of the 
pointed end, is clipped off (figure. A) The spiral m the spring is converted into 




Drawings illustrating conversion of a safety-pin into a forceps and a retractor 


a simple loop by appropriate bending, and the ends of the pm are hammered flat 
Small nails of the size indicated (no 18 wire nails H inch [19 cm ] long) are 
soldered in position as shown m the figure, B The projecting points of the nails 
are clipped off, and the cut ends as well as the excess solder are filed smooth A 
small amount of solder is spread on the inner aspect of the flattened ends, and the 
two limbs of the forceps are approximated to the desired position The jaws of 
the forceps are then dressed with a breaker-point file so that they will grasp a 
hair tenaciously (figure, C) The tension of the jaws can be increased by filling 
the loop spring with solder 

From the Institute of Pathology of Western Pennsylvania Hospital , Dr Ralph 
Mellon, director 
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A second very useful instrument made by modifying a safety-pm is a selt- 
retaming retractor For this purpose soldering lugs^ of the size and shape indi- 
cated are employed Depending on which end of these lugs is used, large-pronged 
(figure, Db) or small-pronged (figure, Dd) retractors are fashioned Cuts are 
made into the lugs as shown by the broken lines in the figure. Da or c These cut 
lugs are then soldered to the limbs of the safety-pin (figure Db or Dd, also E) 
The limbs of the retractor and the prongs are bent to give the desired tension 
Wire brads are soldered to the limbs of the retractor to facilitate handling The 
projecting points of the brads are clipped off, and the joints are filed smooth 
(figure, E) 

1 Soldering lugs are obtainable in radio supply stores 
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ETIOLOGY OF AGRANULOCYTOSIS 

FREDERICK STENN, MD 

CHICAGO 

Though agranulocytosis owes its first accurate description to Brown 
and Ophuls, who repoited a case in 1902, there exists information 
which indicates that this disease was possibly known a century ago and 
perhaps earlier than that The blood count and the differential smear 
were available to physicians hardly much before the opening of the 
twentieth centui}'’, and thus a positive diagnosis of this disease entity 
was impossible However, there aie clearly described cases of a symp- 
tom picture which mtimatel}'’ parallels the modern conception of agranu- 
locytosis, a fact appreciated m 1931 by Pepper Almost twenty-three 
hundred yeais ago Hippocrates recognized a rapidly fatal pharyngeal 
disease characterized by gangrene with ovei whelming symptoms Celsus 
and Aretaeus noted the throat with its black eschar , Caehus Aurehanus 
and Aetius referred to the rare “synanche,” the phlegmonous state of 
strangling of the throat, and Avicenna and Albucasis alluded to it m 
their memoirs After their writings were published various names were 
applied to this condition, and among the common ones were ulcus 
syriacum ou egyptiacum, carbunculus angmosus morbus puerorum, 
gaiotillo, moibus suffocans, morbus strangulatorius, nlccie gmqi eneu\ , 
mal de goige gang) cneux, pharyngitis acuta mfectiosa phlegmonosa and 
angina maligna 

In 1857 Adolphe Gubler described the case of a maid who became 
suddenly ill with a Molent sore throat, followed by extensive gangrene 
of the pharynx, which terminated fatally In 1859 Fernie became 
interested m the new disease to which his groom succumbed with sur- 
prising rapidity In 1860 Musset reported a similar case but with 
recover}'^ And m 1861 Trousseau wrote “Besides secondary gan- 
grene there is a primary gangrene that should be regarded as a disease 
having as its fundamental character necrosis of the mucous membrane 
of the pharynx and sometimes necrosis of the cheeks and lips,” which 
is “unrelated to any preceding disease, unassociated with epidemics of 
diphtheria, attacking healthy vigorous subjects without cause and often 
producing death with variable rapidity ” The entity of putrid sore 

From the Department of Pathology, the University of Chicago 
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throat (angma putns) was defined in 1880 by Mackenzie in his tieatise 
entitled “Diseases of the Pharynx, Larynx, and Trachea,” as a “primi- 
tive gangrene of the pharyngeal mucous membrane, constituting an 
infection pei se, originating independently of any othei mal- 

ady, such as diphtheria, scarlet fevei, etc,” always appearing “to be 
the result of blood poisoning” and commencing “as a seveie inflamma- 
tion which quickly leads to gangiene,” the patient suffering from foul 
breath and extreme piostration and dying in syncope Of his 5 patients 
only 2 recovered It is interesting that Mackenzie obsei ved that “putrid 
sore throat is only a local manifestation of a profound blood poison- 
ing” and that it has its greatest occurience “in physicians nuises and 
students,” facts that are accepted today 

Much of the literature on putiid sore throat, otherwise called acute 
infectious phlegmon of the pharj-nx before 1900, referred to the 4 case 
reports of Senatoi, who in 1888 called attention to a “little recognized 
disease neglected clinically and concerning itself with a gangrenous 
and often fatal illness ” Again, m 1889, Maurm undertook a detailed 
study of ‘Tangine gangreneuse piimitive,” collecting reports of 10 cases 
4 of which were fatal His observations agreed with those of Blu- 
menau, who in 1896 declared that the disease appears most fiequently 
among adults, producing a circumscribed or a diffuse form of gangiene 
m the throat, beginning with general malaise, depiession, severe chills 
with high fevei, severe pain m the throat, headache, prostration and 
often hemorrhages in the nose and throat and terminating with death 
due to septic poisoning 

However, the earliest accurate report of agi anuloc) tosis was sub- 
mitted in 1902 by Brown and Ophuls, who described the case of a 
mothei aged 29 Thiee weeks after operative repair of the vagina 
and cervix there developed a chill, a temperatuie of 103 F and a pulse 
rate of 112, and the patient complained of sore throat The white 
blood cells numbeied 1,200, with 1 pei cent polymorphonuclear s The 
day before death the leukocyte count fell to 260 The authors entitled 
the disease acute primai}'- infectious pharyngitis 

Two years later Schwaitz described the case of a 9 yeai old boy 
ivith an abscess of the kidney which luptured into the urinar}'- tract 
The leukocyte count u as 600 , no neutrophils were present 

In 1907 Tuik tieated a 45 year old woman who was suffering from 
staphylococcic sepsis and had chills, headache and dianhea The tonsils 
were covered uith white exudate After spending a whole day and 
night searching oier a blood smeai he was astonished at his inability 
to find a single neutiophil 

Baldridge and Needles found m the records of the Univeisit} Hos- 
pital of Iowa City a report of the case of a girl aged 8 years who 
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died in 1910 of typical agranulocytosis In the same year Leale 
reported a case occurring in an infant sufifeiing from marasmus and 
furunculosis This case will be referred to later under the title cyclic 
agianulocytosis 

In 1912 Stursbeig reported the case of a man aged 41 with osteo- 
myelitis of one arm who bled from the nose and mouth and complained 
of oral pain and dysphagia He died shortly after the leukocyte count 
fell to 900, with complete absence of granulocytes 

The study of the disease received its greatest impulse and wide- 
spread recognition in 1922 after Wernei Schulte had reported a group 
of cases in women between the ages of 18 and 65 years, all of whom 
died The clinical course lasted for three or four days in some instances 
and for one or two weeks in others The illness began with high fever, 
with or without icteius, and all the patients showed necrotizing proc- 
esses in the tonsils, pharynx, tongue, laiynx, uvula, soft palate or gums 
One patient showed gangrenous colpitis There was no generalized 
lymphadenopathy oi evident hemorrhagic diathesis The highest leuko- 
cyte count was 1,800, and the blood smear showed only lymphocytes 
and monocytes, with occasional neutrophils The red blood cell and 
the platelet count weie normal 

Rapidl}^ the medical world became aware of agranulocytosis and 
articles were published by Leon, Fnedemann, Bantz, David, Ehrmann 
and Preuss, Elkeles, Peer, Lauter and Zadek, in Germany, Lovett, 
Hill, Hunter, Cannon, Skiles, Hart and Piette in the United States, 
Flandin, Mouzon, Roch and Mozer in France, Alagna and Gamma m 
Italy, and Pelnai in Czechoslovalaa Whether this sudden prominence 
of agranulocytic angina was due to the watchfulness of the physicians 
for the condition or to an actual outbreak of the disease is difficult to 
conclude Certainly before 1922 the disease was seen rarely Its fre- 
quency after that year has been attributed by some to the extensive 
therapeutic use of arsphenamme, gold, bismuth or aminopyrine, by 
some to factors in civilized life that are little understood and by others 
to a spontaneous outbreak, like a severe epidemic of influenza 

INCIDENCE AND PREDISPOSING ETIOLOGIC FACTORS 

Many cases reported m the literature as instances of agranulocytosis 
were confused with those of aplastic anemia, aleukemic leukemia, over- 
whelming sepsis and other diseases, so the number of cases has been 
somewhat exaggerated, though the fact is to be heeded that this disease 
has been overlooked until recently and that probably its great incidence 
IS due to Its better recognition Today the United States has the highest 
incidence, according to the Department of Vital Statistics at Wash- 
ington, 1,981 deaths were repoited in 1931, 1932, 1933 and 1934, with 
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the greatest frequency in California, New York, Illinois and Pennsyl- 
\ania Roberts and Kracke expressed the belief that the actual incidence 
reached many thousands Germany and Austria, where the first reports 


Table 1 — Deaths m the Untied States from Agt minlo cy tests'^ 
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of this disease were issued, lank second, with approximately 400 cases 
since 1922 Before 1930 in England and Wales the disease was almost 
unknown, but for the succeeding five yeais, as noted by Perc}^ Stocks, 
medical statistics officer in London, theie have been lepoits of 83 fatal 
cases and 7 lecovenes In Fiance theie have been leported about 100 
cases and half that number in Italy Reports are becoming numerous 
m the Scandinavian countiies, especially Denmark, but Plum has 
claimed that the incidence theie is diminishing lapidly following restric- 
tion of the theiapeutic use of aminopynne Cases are only occasional 
in Russia, Poland, Egypt, Syria and Jeiusalem and rare in China, 
Japan, Nethei lands Indies, South Afiica and Spam 

Table 3 — Registcied Deaths in England and Wales to the End of 1934 
Aftttbnfed to Agianulocytosts oi Agianulocyttc Angina Alone oi 
Associated zvith Other Causes* 


Age, 

Years 

0- 4 
5- 9 
10-14 

15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

65-59 

60-64 

65-69 

70-74 

75-79 

80-84 

85- 


1930 1931 1932 1933 1934 Total 



2 

i 

1 


0 

1 
1 


1 1 
1 1 


2 2 
1 2 


2 3 5 

4 1 


1 


1 


2 1 


3 10 

2 3 


1 


4 10 

1 


1 


1 



3 12 4 0 

4 1116 

2 2 3 2 6 

3 12 15 

3 12 2 5 

14 5 


11 11 
1 1 


Totals 


2 1 2 2 4 5 20 13 20 21 00 


* No deaths were reported before 1930 Data supplied bj the General Register OfSee, 
London 

The pioininent incidence in women is a sti iking featuie of this dis- 
ease Hueper found an incidence of 77 5 pei cent in women and 
Kasthn, of 78 per cent in women and 22 per cent in men In England 
and Wales, according to Peicy Stocks, the proportion is 3 females to 
1 male, this ratio holding roughly true for most of the statistical data, 
though Gordon’s figuies showed 68 9 per cent females and 31 1 per cent 
males, and Kiacke and Parker repoited 310 women and 106 men 
The age of onset varies from 12 to 90 years, being most frequently 
between the ages of 40 and 60 years Kasthn found that the aveiage 
age for women was 46 years and that for men 29 years Lichtenstein 
found the greatest occuirence between 40 and 50 }ears Plum, between 
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50 and 60 Ridpath noted that m 80 per cent of all cases reported in 
women the disease has developed within the menstrual age, under 45 
years, and that the symptoms have occurred one or two days after the 
onset of catamenia In most oi the cases reported m children the con- 
dition either has fallen into the category of aplastic anemia or has been 
precipitated by severe sepsis or the taking of a drug 

Seldom encountered in the Negro and yellow races, agranulocytosis 
IS confined to Caucasians The rarity of cases in Negroes was observed 
by Kracke and Parker, who stated that over a five year period at the 



APLASTIC 

AmsiA 


Bone marrow insufficiency A schematic chart illustrating the interrelation- 
ships of anemia, thrombopenia, agranulocytosis and aplastic anemia 


Emory University Division of the Atlantic City Hospital, which has an 
annual admission of 75,000 Negroes, not a single case of idiopathic 
agranulocytosis was seen No nationality is exempt 

Persons with moderate means and wealthy persons are more often 
attacked than the poor This difference in social status may be only 
apparent, for those in comfortable circumstances are more likely to. 
seek good medical advice early Reports from the various chanty hos- 
p.tals reveal the mfrequent occurrence Dr Karl Meyer stated that 
at the Cook County Hospital Chicago, 9 cases of agranulocytosis 
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occurred between the yeais 1922 and 1935, only a few of them being 
of the idiopathic type A study of the occupations concerned shows 
that the housewife is most fiequently affected, then the physician, the 
nurse, the maid in the hospital, the medical student, the hospital orderly 
and the laboratoiy technician and finally the physician’s relatives and 
the school teacher The fanner, business man, clerk, tailoi, dentist and 
others aie less likely to be subject to the disease Kracke and Parker 
emphasized its occurience “fifty times more frequently in physicians 
than lawyers, and 200 times moie fiequently in nurses than in female 
school teachers ’’ This peculiar tendency to affect those engaged about 
a hospital has been appieciated by Stellhoni and Amolsch, Harkins 
Connei and his associates, Hinton, Sydenstncker, Fitz-Hugh and Corn- 
roe and Kracke 

Most authors have expressed the opinion that the seasonal incidence 
IS unimportant, though Lichtenstein has observed most of his cases in 
winter 

No epidemiologic factois have been obser\ed 

Only lare case leports mention any congenital oi familial tendency 
Wolff saw two sisters who took ill at one time with angina, a biothei 
had agianulocytosis and a sistei had myeloid leukemia Hart and 
Strasser each observed the disease in two sisteis Robeits repoited the 
case of a woman who died of myeloid leukemia Her son had a leuko- 
cyte count of 3,500, and her sister became ill with agranulocytosis 
Burcky noted the case of a giil who had a leukocyte count of 3,800, 
with 12 per cent gianulocytes, following a soie throat fiom which she 
lecovered Ten months latei her mother died of typical agianulocytosis 

The theory that a tendency toward leukopenia exists in a certain 
proportion of society and that it may be a decisive factor in piecipitat- 
ing this disease process is based on the analysis of laige numbers of 
blood counts Peer studied the case records of 29,498 patients between 
1915 and 1925 and found that 193 had leukocyte counts below 3,000 
In a study of 8,000 case recoids of patients seen in private practice in 
the South, Roberts and Kiacke noted that one fourth of the patients 
and one half of the women between 40 and 60 years of age suffered 
from mild granulopenia Mettiei and Olsan stated that at the Uni- 
versity of California Hospital 116 pei cent of 10,000 case records 
from 1920 to 1931 revealed that the patients had leukopenia, 514 per 
cent of the patients with leukopenia wei e women, and 47 6 per cent 
were men Despite this wide statistical discrepancy, these data teach 
that chronic leukopenia exists and that a leukopenic predisposition when 
mild, according to Cabot, Roberts and Kracke and Rosenthal, leads to 
vague symptoms, such as chronic fatigue, malaise, anorexia, neuras- 
thenia, psychosis and exhaustion When it is more severe granulopenia 
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IS succeeded by the more drastic symptoms of agranulocytosis, as sug- 
gested by Roberts and Kracke Doan observed that when infection 
develops in a person with chionic leukopenia, leukocytosis results and 
produces a response in the bone marrow, but in those persons who 
show symptoms of malaise and fatigue, with relative lymphocytosis, 
absolute neutiopenia and a shift to the left, infection produces a more 
severe leukopenia and renders the myeloid tissue insufficient Hueber 
studied 79 patients with agranulocytosis, 25 of whom exhibited fatigue 
extending for from four weeks to one year preceding the attack These 
data suggest that a person with chronic leukopenia is particularly likely 
to have an acute attack of agranulocytosis 

Inquiry into the previous history of patients with this disease gives 
rise to numerous suggestions, but no single factor is constantly present 
In Hueber’s review of 79 cases, 49 patients had recently had injuries, 
operations or infections Kastlin’s review of 43 cases showed 27 with 
no history of any previous infection, while in the others there was a his- 
tory of typhus, tuberculosis, syphilis, pneumonia, anemia, infection or 
operative procedure Zetterqvist, Babbitt and Fitz-Hugh, Ridpath, Rez- 
nikoif, Hanzlik, Kracke and others reported cases in which the disease 
was precipitated by the extraction of teeth In other cases it has fol- 
lowed a major operative procedure, such as thyroidectomy, or a fracture 
Not infrequently the attack begins after a debilitating disease, especiallj' 
influenza, as pointed out by Hirsch, Korach, Ottenheimer, Roberts and 
Kracke and others Continued exhaustive states, toil, worry, asthenia 
and senile states m asthenic women have been mentioned as possible 
factors, in addition to arthritis and treatment for pyorrhea Prolonged 
anemia has been stated to lead to dysfunction of the myelocytic tissue 
Exposures of the skin to ultraviolet or infra-red rays, sunlight and 
x-rays are listed as factois Some writeis have blamed dietetic “obesity 
cm es ” 

BACTERIOLOGY 

No bacterium, group of bacteria, toxin or filtiable virus has been 
demonstiated to be the causative factoi of agranulocytosis The inves- 
tigations of Schultz, Friedemann, Licht and Hartmann, Zetteiqvist 
Roberts and Kiacke, Haikins and others have shown that these factors 
are secondary Examination of the lesions of the throat, gastro-intes- 
tinal tract, vagina, skin or some other location has consistently shown 
the presence of numerous oiganisms Staphylococcus aureus. Staphylo- 
coccus albus. Streptococcus vindans. Streptococcus haemolyticus Vin- 
ceiiFs spirochetes and fusiform bacilli. Bacillus diphthenae diphtheioid 
forms. Bacillus pyocyaneus and various types of spirilla and pneumo- 
cocci, such as are found in ulcerative piocesses of many diseases Wer- 
ner Schultz injected into rabbits tonsillar tissue of patients djmg of 
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agranulocytosis, Weihmullei injected secretions from the throat intra- 
peritoneally into guinea-pigs, and Lichtenstein performed similar experi- 
ments, with negative results in each case In like manner, blood culture 
has proved fruitless The oiganisms isolated have been Str haemo- 
lyticus, Str viridans, Staph aureus. Staph albus, Fnedlander’s bacillus, 
pneumococci of types I to IV, B pyocyaneus. Bacillus typhosus. Bacillus 
pai atyphosus, Bacillus cob, Vincent’s organisms, malarial parasites, 
B diphthenae, meningococci, Streptothrix and otheis In their review 
of the literature Kracke and Parker found reports of 74 blood cultures 
that gave positive results, and in 395 instances either the cultures gave 
negative results or the results were not mentioned The cultuies gave 
positive results m 75 per cent of the cases in which they were taken, 
and the streptococcus was the commonest invader Stocke noted that 
in only 23 per cent of 88 cases did the blood cultures show positive 
lesults, and in many of these the cultures were made post mortem In 
Lichtenstein’s 27 cases 13 of the blood cultures showed negative results, 
and 4 showed Str haemolyticus In Kasthn’s review of 43 cases 9 
blood cultuies gave positive lesults, the organisms isolated being Str 
haemolyticus. Staphylococcus, B pyocyaneus and B cob Many patients 
die without having any organisms demonstrable in the blood 

Failure to produce the disease experimentally was leported by Gar- 
rod and Williams, who injected intravenously into rabbits and mtraperi- 
toneally into a guinea-pig a sample of blood of a patient dying of 
agi anulocytosis Schultz and Jacobowitz used labbits, Licht and Hart- 
mann, rabbits and white mice, Weihmuller, guinea-pigs, and Bix, 
guinea-pigs and white mice, and all failed to precipitate the disease 
Roberts and Kracke fared similarly after giving rabbits and guinea-pigs 
intravenously, subcutaneously and orally Str haemolyticus obtained by 
culture of the blood of a patient dying of the disease 

Some investigators, howe\er, haA^e obtained a decided leukopenia 
expel imentally Greei inoculated a guinea-pig with gram-negatwe 
bacilli obtained from a patient’s blood and necrotic tissue from a patient’s 
mouth and succeeded in obtaining ulceration of the gastro-intestinal 
tract, oral cavity, uvula, vagina, cerAux and rectum , bronchopneumonia , 
submural and subpencardial hemorrhages, and depression of leuko- 
poiesis Schattenberg and Harris pioduced depression of the leukocyte 
and granulocyte count in labbits AAUth Staph aureus isolated from the 
blood of a patient and Avith the toxins of Bacillus enteritidis, Str 
haemolyticus and Bacillus Welchii isolated from the stool of a patient 
Lichtenstein injected intiavenously into each of 6 rabbits 1,000,000,000 
streptococci obtained in pure culture from a patient’s blood and pro- 
duced marked leukopenia He expressed the belief that the streptococci 
haA’’e a specific effect on the bone marrow B pyocyaneus has been 
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thought by some to be a possible etiologic agent In 1924 Beatrice 
Lovett cultured this oigamsm from the throat and the vagina of a 
patient dying of the disease and on injecting it into a guinea-pig 
obtained mild leukopenia and neutropenia Skiles, Lmthicum, Rose 
and Housei, Kasthn and others have found it to be an organism com- 
mon in this disease Friedemann obtained it fiom the heart, liver, and 
spleen and once from the blood, and Stillman reported it in the blood 
of 2 patients at autopsy That B pyocyaneus liberates a powerful 
leukocidm was shown in 1889 by Gheorghiewsky, who injected B pyo- 
cyaneus into the peritoneal cavity of the guinea-pig and found marked 
degenerative and lytic changes in the neutrophils contained in the exu- 
date Yet Kracke was unable to repioduce the disease after injecting 
into animals B pyocyaneus cultured from material from ulcers of the 
mouth and blood in 2 cases, and similai failures have been reported by 
others 

Fried and Dameshek observed that a relatively small intravenous 
dose of Salmonella suipestifer produced slight leukopenia, a large dose 
produced greater leukopenia, and an overwhelming dose produced areas 
of necrosis in the bone marrow 

Meyer and Thewhs and Kracke were unable to verify the results 
obtained by Dennis that chronic and acute granulocytopenia can be pro- 
duced when capsules containing broth cultures of pyogenic organisms 
are placed within the abdomen of rabbits Meyer and Thewhs using 
19 rabbits were unable to produce leukopenia or agranulocytosis by this 
method, with the exception that B pyocyaneus caused acute leukopenia 
without a significant decrease in the percentage of neutrophils Nor 
ivere Piersol and Stemfield able to produce long continued granulopenia 
in healthy rabbits by using the common bacteria 

This experimental work is interesting in view of the studies of 
C W Wells, who injected into rabbits huge doses of streptococci, 
staphylococci and typhoid bacilli and obtained an initial leukopenia fol- 
lowed by leukocytosis Using pneumococci of high virulence, Long 
obtained similar results In addition, Wells noted that when dead bac- 
teria were injected into rabbits there followed a marked leukopenia in 
the peripheral blood and that during this peripheral leukopenia the blood 
obtained from the spleen and the hepatic parenchyma contained enor- 
mous numbers of leukocytes, a fact confirmed by Goldscheider and 
Jacobs Thus, such bactenologic data as relate to the etiology of 
agianulocytosis must be accepted with caution 

The symbiosis of several bacteria has been suggested as the etiologic 
agent, but proof is lacking 

In 1925 Schultz suggested the possibility that the toxic action of 
a filtrable r irus has a special affinity foi the mj^eloid tissue As yet 
such a Aims has not been demonstrated 
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Typhoid — In several cases of agranulocytosis that have followed 
typhoid prophylaxis (Kracke, Schur and Bromberg and Muiphy) the 
condition has been thought to be due to an overwhelming foreign pro- 
tein reaction m a sensitive peison 

PATHOLOGIC ANATOMY 

It IS geneiall}- conceded that the essential pathologic feature of 
agranulocytosis is concerned with a seveie degeneration of the granulo- 
cytic system associated with noimal oi neaily normal megakaryocytic 
and er3'throblastic elements Most fiequently the bone maiiow is 
hypoplastic or aplastic The myeloblasts and myelocj^es undeigo pyk- 
nosis, nongranulation, vacuolation and hyahnwation These observa- 
tions have been submitted by Koch, Petii, Uffenoide, Jackson, 
Zikowsky, Licht and Hartmann, Oppikoffei, Dameshek and others 
Similar degenerative changes aie observed in tbe myeloid elements m 
the less frequently repoited cases in which the mairow is hyperplastic 
(Fitz-Hugh and Kiumbhaar, Dameshek and Ingall, Baldridge and 
Needles, Buck, Fitz-Hugh and Comioe, Jafte, Mettier and Olsan, David 
and Rose and Housei ) Jaffe summaiized these obseivations as fol- 
lows 

In botli hyperplastic and the non-hj perplastic hone marrow the granulopoietic 
cells revealed severe degenerative changes I have obtained the impression 

that the specific granulation is the first to become affected while the nucleus 
remains intact for some time and may even divide by mitosis The specific gran- 
ules with all their outlines become indistinct and small vacuoles often appear 
around them The granules later dissolve into the vacuoles and pale 

purplish-pink droplets result which fuse together giving a vacuolated appearance to 
the cells In the meantime the chromatin has become separated into coarse, 
sharply defined clumps and the nuclei have disappeared An occasional mitosis 
may be detected in a cell which has been deprived of its granulation The mitoses 
are, however, atypical, with short and clumsy chromosomes, and I think they 
do not pass beyond the metaphase Finallv, the nucleus shrinks, the cytoplasm 
coagulates, and the cell is dead AVith the dissolution of the granules into the 
vacuoles the oxidase reaction becomes negative 

By viitue of these data it is assumed that some factoi must be 
operative which eithei causes a cessation m the development of the 
white blood cells or prevents then migration into the blood stream 
The cases of the hyperplastic type have been explained as due to a 
blockade which pi events the entiance into the blood stream of the 
matuie leukocytes, and those of the aplastic type, by long continued 
blockade which leads to degeneiation and destruction of the parent cells 
of the neutrophils 

Though anemia is fiequently obseived, especially in the piolonged 
cases, erythropoiesis proceeds noimally, the lymphocjdes, plasma cells 
and reticulohistiocytes of the bone marroY are normal but as Rose and 
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Houser, Haitwich, Van dei Wieleii and Jaffe have recoided, degenera- 
tive changes are often observed in the megakaiyocytes, a fact that may 
explain the fiequency of hemoiihagic diathesis The giant cells arc 
increased in numbei 

The ulcerations that occui in the oial cavity, tonsils, palatal region, 
larynx, stomach, anus, vagina and skm show extensive necrosis pene- 
tiating into the deeper tissues, with maiked hemorrhages and numerous 
hyaline thrombi, associated with bacteiia collected in huge numbers 
Plasma cells are grouped along the bordei of the ulcer, m nhich is a 
diffuse lymphocytic infiltration but no neutrophils The lungs often 
show confluent bronchopneumonia, with little evidence of mflammator} 
cellulai reaction, subpleuial hemorrhages are fiequent, pleurisy with 
effusion IS occasional The peiicaidium displays many petechiae and 
ecchymoses, and the heait shows, like the liver and kidneys, parenchy- 
matous degeneration In the liver necrotic foci occui, and the Kupffer 
cells are swollen The spleen is sw'ollen and pulpy and iich in histio- 
cytes and plasma cells The kidneys show hyaline thrombi in the 
medulla and petechial hemorihages The lymph nodes show petechial 
hemorrhages The reticulo-endothelial apparatus is prolifeiated not 
only in the bone mairow but also m the spleen, liver and lymph nodes 
Rose and Housei and Rotter noted widespread necrosis and thiombosis 
of aiterioles and venules 

MECHANISM 

Severe i eduction or absence of the neutiophils has been explained 
by three hypotheses (a) destruction in the peiipheral blood stieam, 
(&) migration to vaiious blanches of the blood stieam and to the vis- 
cera and (c) failure eithei of matuiation of the myeloid elements m 
the bone marrow or of discharge of the mature granulocytes from the 
mariow into the peripheral blood stieam No convincing information 
has as yet been supplied to support the theory of destruction of the 
granulocytes in the peripheral blood stieam Though Blown found an 
increased amount of uiic acid m the urine in his case, examination of 
the urine for this constituent has been geneially neglected No changes 
aie observed in the white cell count or smeai when the patient’s blood 
IS mixed with normal blood, and the injection of granulocytes fiom 
the patient’s blood into animals pioduces no effect The idea of an 
abnormal distribution of the neutrophils has little support Studies of 
the numbers of the white blood cells and the neutrophils in capillaiy 
venous and arterial blood in patients display no appreciable numeiical 
differences In addition, the significant feature in the pathologic picture 
of this disease is the unusual diminution or absence of the neutrophil 
in every organ and tissue 
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Generally accepted, however, is the hypothesis that the disease 
process, whethei bactei lologic, pharmacologic, endocrine, nutritional oi 
of some other type, strikes as the primary and essential focus the mye- 
loid elements of the bone mariow The bone marrow is to be regarded, 
Doan has aptly suggested, as an organ subject to the same pathologic 
and physiologic changes as any othei hyperplasia and hypoplasia, suffi- 
ciency and insufficiency What factors are responsible for these varia- 
tions IS only too little known Lescher and Hubble supposed the 
existence of specific regulating factors for each of the cells of the bone 
marrow, and when one of these factois is deficient there results the 
disease characterized by this deficiency agranulocytosis or thrombo- 
cytopenia or both, or even aplastic anemia when all are deficient Beck 
expressed the belief that the essential pathologic change lies in the 
absence of a matuiation factor for the neutrophils, and Fitz-Hugh and 
Krumbhaar said in this regard 

It would seem probable that a maturation factor is at work either arresting 
development of white cells m their formative centers or producing degenerative 
changes m them before sufficient development for normal migration into the blood 
stream, or possibly a combination of both factors This hypothetical factor would 
conceivably check the granular senes of blood cells at the myeloblast-myelocyte 
stage m the bone marrow and the lymphocyte series at or near the lymphoblast 
stage in the spleen and the lymph nodes Viewed from this standpoint the analo- 
gies to pernicious anemia are obvious Pernicious anemia too has remissions and 
relapses It, too, is as yet an idiopathic disorder with probably a constitutional 
background of prime importance Its relapses are characterized by megaloblastic 
hyperplasia of the bone marrow caused by some maturation inhibiting factor, 
directed against the red cell series 

Doan suggested the possible importance of the lack of a chemotactic 
factor and pointed out that nucleic acid and its decomposition pioducts 
stimulate the bone marrow to pom its myeloid elements into the periph- 
eral blood stream He obseived that when administered to laboratory 
animals these substances caused myeloid hyperplasia in the bone mai- 
row and a marked increase in the white blood cell count He stated 

Nucleic acid and its degradation products exert a chemotactic effect on normal 
foci with a prompt effective increase in the delivery of granular leucocytes to the 
peripheral circulation under a controlled physiologic or rhythmic mechanism 
A short course of injections stimulates a myeloid hyperplasia of normal 
marrow without otherwise injurious consequences, which is reflected by a relative 
and absolute increase in the amphophilic granuloc3des in the blood stream of 
rabbits 

When the neutrophils break down, nucleic acid products aie formed, 
and these stimulate the myeloid tissue, whatever the cause of neutio- 
penia m agranulocytosis, these pioducts are greatly diminished in the 
blood stieam 
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Besides maturation, legulation and chemotactic factois, what idle 
do vasomotoi and nervous activities i:)lay'? And what aie the factors 
concerned m the deliveiy of the gianulocytes to the circulation? These 
are basic problems confronting the student of this disease 

What is the relationship between the fall in the numhei of neutio- 
phils and the onset of the clinical symptoms? Data have accumulated 
which point convincingly to the conclusion that the myeloid tissue of 
the bone maiio\\ becomes insufficient whethei owing to cryptogenic 
factors, toxins, bacteria or medicaments, the neutrophils of the peiiph- 
eral blood aie not leplaced when they die, and soon the blood shows 
an alarming scarcity oi absence of these elements, peimittmg the 
entrance into the blood of bacteiia at vulneiable points, creating septi- 
cemia, which IS fatal Schultz, Fiiedemann, Meyei, Caiter and Domarus 
leported cases in which angina was distinctly secondaiy, and Kom- 
inerell, Reye and Bock and Wiede noted the typical blood picture before 
the onset of the symptoms These obseivations weie confiimed by 
Hunter, Bantz, Ehrmann and Pieuss, Rutledge, Hansen-Pruss and 
Thayer, and Lautei, Leon and Lindbloom Rutledge, Hansen-Piuss 
and Thayei desciibed a remaikable case of cyclic agianulocj-tosis begin- 
ning in a boy at the age of months and occurring eveiy tventy-one 
days for twenty successive years Preceding each attack the neutrophil 
and white blood cell count undeiwent a distinct fall Jackson and 
Parker lepoited the case of a patient with a white blood cell count of 
500 before the appeal ance of any clinical symptoms oi signs, and on 
the fifth day theie was a piompt use in tempeiature, with chills, head- 
ache, prostiation and sore tin oat Robeits and Kiacke had an unusual 
opportunity to follow m detail a single case illustrating the sequence of 
events In a woman aged 72 with a noimal blood pictuie theie suddenl} 
developed weakness, exhaustion, stupoi, fever and rapid pulse The 
white blood cell count was 2,050, and no polymorphonuclears weie 
present Though neciosis of the tongue developed, she recoveied and 
became normal clinically and hematologically in two months After 
that, however, a second attack developed in which the white blood cell 
count fell, and the ncutiophils disappeared completely, but the patient 
was clinically well It was only after four days of complete agranulo- 
cytosis that there developed symptoms of stupor, necrosis of the tongue 
and then pneumonia and finally death Abrahams, howevei, described 
a case of pure agranulocytosis which persisted for fifteen days without 
the development of sepsis oi any more serious manifestation than 
malaise 

CLINICAL COURSE 

Whether of primary or secondary origin, the clinical course of 
agranulocytosis is always the same, just as the course of pernicious 
anemia is typical, whether caused by idiopathic factors or by syphilis 
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or Diphyllobothnum latum The disease is characterized by an onset 
of premonitory symptoms, consisting of headache, malaise, weakness 
and anorexia, followed by ulceiation and necrosis m the gastro-mtestinal, 
respiratory or genito-urinary tract or of the skin Most commonly this 
gangrenous process develops in the pharyngeal or oral cavity, with 
dysphagia and sore throat , in the upper part of the larynx, with dyspnea 
and swelling of the neck, and in the vagina or the anus or on the skin, 
with local symptoms Angina is not always present, nor is ulceration 
The couise is usually stormy, with the temperature ranging between 102 
and 105 F , with chills, sweats, delirium and early prostration A 
hemorrhagic diathesis and icterus are common The spleen may be 
slightly enlarged Some degiee of anemia commonly exists, with 
alarming neutropenia or complete absence of neutrophils and usually 
leukopenia Septicemia follows, and m from 65 to 75 per cent of cases 
death ensues in from four to six days Should the myeloid tissue 
respond, the stage of sepsis is prevented or overcome, and the patient 
may survive, not infrequently long enough to be precipitated into the 
throes of another attack , or, as happens less frequently, he may recover 
completely ^ 

Only one feature is essential for the diagnosis — severe neutropenia 
But who will say how severe the neutropenia must be for the diagnosis 
to be established? Primary and secondary agranulocytosis may occur 
coincident with anemia, thrombopenia or both, and each of these may 
be slight, moderate or severe It is often impossible to diaw a sharply 
demarcating line when the hematologic picture merges into the realm 
of thrombopenia or aplastic anemia 

PRIMARY AGRANULOC\ TOSIS 

In this study the subject is divided for convenience into primary 
and secondary agranulocytosis The primary type refers to that group 
of cases in which a specific causative agent has not been found It is 
probable that future observation and investigation will show this group 
to be of secondary origin The secondary type includes the group of 
cases m which the condition is caused by medicaments, chemicals 
or sepsis 

The theories that have been advanced to explain the nature of 
primary or idiopathic agranulocytosis fall into one of the following 
groups infections or toxins, aplastic anemia oi leukemic and develop- 
mental, vitamin, anaphylactic or endocrine f actoi s 

Infection and Toxins — The most popular of these conceptions is the 
first, supported by Roch and Mozer, Baltzer, Hunter, Weiss, Bock and 

1 An increase in the number of monocytes m the peripheral blood is a favor- 
able prognostic sign (Lichtenstein, Miloslavich and Murphy and Schilling), and a 
rapid sedimentation rate is an ill omen (Benhamou and Domarus) 
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Wiede, Verse, Leon, Fitz-Hugh and Comroe, Reye and Wohlwill, Petri, 
Lovett and many others, who have maintained that the essential process 
IS one of sepsis, either specific or nonspecific, which overwhelms the bone 
marrow m a susceptible person of low resistance Some have considered 
the disease to be analogous to noma of the ancients (Turk, Stuisberg, 
Marchand, Schultz and Koch) , others have believed that it is related 
to tropical phagedena (Plehn), and still otheis have believed that it is 
related to tuberculosis Some have laised the question of the action 
of poweiful toxins which either paralyze the bone marrow or produce a 
negative chemotactic effect on the granulocytes of the bone marrow 
Occasionally carcinoma and lymphosarcoma produce marked depression 
of the bone marrow without demonstrable invasion of this organ, lead- 
ing one to suspect toxins (Piersol and Steinfield) Jacobson offered the 
conception that the myelocytes, which, according to Sabin, are developed 
in the open sinusoids, are exposed to high concentrations of toxins 
carried m the blood that directly bathes these cells 

Aplastic Anemia — In 1925 Frank declared that agranulocytosis is 
only a part of aleukia or panmyelophthisis or aplastic anemia Zetter- 
qvist saw truth in this idea, for m many cases, as previously noted, 
agranulocytosis is associated with anemia and thiombopema Duke 
offered the interesting suggestion that the disease is an atypical aplastic 
anemia acting selectively on the granulocytic centers, the result being an 
infection of such great severity that death occurs early without the oppor- 
tunity for the anemia or thrombopema of aplastic anemia to develop In 
addition, gold, bismuth, arsphenamine and benzene have each produced 
depression of one, two or all three of the constituents of the bone 
marrow, indicating possibly a kinship between agranulocytosis, throm- 
bopenia and aplastic anemia Diguglielmo has entitled the syndiome 
acute partial aplastic myelosis 

Among those who have expressed the belief that agranulocytosis is a 
relative of the leukemias are Pelnaf, Strumia, Leon, Hirschfeld, 
Mouzon, Roch and Mozer, Naegeli, Sternberg and Brogsitter and Kress 
The literature records cases in which acute leukemia developed in a 
patient with an agranulocytic blood picture, but these probably best fall 
into the group of instances of aleukemic leukemia Jaffe has stated that 
the disease may be a terminal complication of aplastic anemia, myelog- 
enous and lymphoid leukemia and Hodgkin’s disease 

Hypoplasia of Bone Maiiow — Many writers have adhered to the 
theory of hereditary hypoplasia of the bone marrow, an idea first 
suggested by Turk and later emphasized by Lauter, Ehrmann and 
Preuss and Peer Roch and Mozer and Dahlgreen claimed that this 
abnormality becomes apparent during infection But agranulocytosis is 
often seen developing in patients m whom the reaction to infection both 
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previous and subsequent to the attack of agianulocytosis is normal 
and, furthermoie, nucleic acid injected into such patients who have 
survived the disease produces a normal neutrophilic i espouse (Lichten- 
stein) 

X Fact 01 — Castle has obtained evidence that some disorder of the 
stomach plays a part in the etiology of pernicious anemia Rosenthal 
has proffered the question as to whether such an unknown factor may 
be operative in agranulocytosis 

Vitamins, Foods and Mmeials — Though close scrutiny of the diets 
of patients with agranulocytosis fails to disclose any significant data, 
Miller and Rhoads ha^e succeeded experimentally in pioducing 
neutropenia in dogs by feeding them the Goldbeigei black tongue- 
producing diet Attention is also called to caihohydrate, fat, piotein and 
mineral deficienc}’’ in foods - 

Anaphylaxis — Nothing can be concluded from the piesent knowledge 
of anaphylaxis Onl} suggestive data are supplied in the liteiature 
(Rutledge, Roheits and Kracke, Baldridge and Needles, Phillips, Bald- 
ridge, Hare and Childiey and Fonde) Kommerell has expiessed the 
opinion that hacteiia or then toxins sensitize the hone manow, and the 
resulting shock is exhibited m a blockade oi anest of maturation in the 
bone marrow Peppei asked 

Is It possible that an allergic person experiences sharper drops in the leuco- 
cj^te count ph 3 'siologically than in the normal subjects and negligible causes bring 
about an allergic leucopenia^ If at the onset of such a reaction a tooth is drawn 
or some other opportunitj for bacterial invasion occurs the picture of Schultz’s 
sjmdrome may be present It is possible that in a person who is allergic to 
certain bacteria a slight sore throat is the starting point for an allergic leucopenia 
which then permits other bacterial iniasions with a de\elopment of characteristic 
non-reacting local lesions 

Endocime Facto) s — Very eaily Friedemann suggested the impoi- 
tance of hormonal factors, as he had been influenced by the favorable 
effect of 11 radiation in agranulocytosis Each of the oigans of internal 
secietion has been incriminated since then, deficiencies of ovaiian and 
pituitary secretion having been particularly mentioned In 17 of his 18 
cases of agranulocytosis occurring in young women, Thompson obseived 
that subjective symptoms occuired Avithin one or two days of the onset 
of the menstiual peiiod Six of these patients had one oi more lectir- 
rences, and each lecunence coincided with the onset of catamenia Rid- 

2 John H Stokes, of Philadelphia, and S William Becker, of Chicago, have 
called attention to the frequency of neurodermatitis, a cutaneous eruption occur- 
ring m the highly nervous hypersensitive patient and developing under the pressure 
of physical or mental strain If disease of the skin may ensue as a result of a 
neurogenic factor, is it improbable that agranulocytosis maj" be produced by a 
similar cause ^ 



STEiYN—A GRANUL OCYTOSIS 


919 


path found that 80 per cent of all cases repoited have developed within 
the menstrual age and that the symptoms have appealed one or two days 
after the onset of catamenia Jackson and Merrill repoited a similai 
experience The case of cyclic agranulocytosis leported by Rutledge, 
Hansen-Pruss and Thayer has shown the absence of female sex and 
gonadotropic hormones synchi oiiouslv with the fall in the white blood 
cell and neutrophil counts 

Sigaard Andersen noted a use in the gianulocyte count after the 
administration of thyroid, and Lichtenstein, after thymus, some have 
advocated the use of spleen 

The cases of cyclic agranulocytosis, as reported by Rutledge, Etipol, 
Doan and others, suggest that the conti oiling influence may be similar 
to that of other cyclic conditions, such as hibernation, sleep, estrus and 
menstruation, which according to Cushing aie controlled by the hor- 
mones liberated by the diencephalopitintary apparatus 

The administration of yellow bone marrow to patients suffering from 
agranulocytosis has given gratifying results in some cases Employed 
in 1933 by Watkins and Giffln, it has been used by Fhpse, of Miami, and 
others Marberg, of the Otho S Sprague Institute, Chicago, has per- 
fected a concentrate of yellow bone marrow which has proved potent 
Fenger stated that its greatest woith is appreciated m cases of acute 
agranulocytosis, in which after its use the neutrophil and white blood 
cell counts rise sharply 

Beck said 

A maturation factor for erythrocytes has been found , it now remains to find 
a maturation factor for granulocytes Chemical analysis of bacteria known to 
cause a sustained leucocytosis, owing to the fact that they supply both a chemo- 
tactic and a maturation factor, might lead to a solution It seems more logical 
to search within the body for a specific organ extract regulating granulopoiesis 
Animal experimentation with the removal of different glands of internal secretion 
or the destruction of other tissue by various substances with a careful check on 
the granulocytes might lead to valuable information not only as to etiology but 
also to treatment 

SECONDARY AGRANULOCYTOSIS 

Though the most exacting history obtained from many patients 
suffeimg from this disease has revealed no responsible factor, it is felt 
by some that many of this primary group can be shown to have taken 
a medicament that is under suspicion 

Secondary agranulocytosis is identical with the primar}- form m its 
pathologic picture, symptoms, couise, prognosis and terminus Its 
characteristic feature is its remarkable rarity, leading to the conclusion 
that the myeloid tissue m a certain few persons possesses an idiosyncrasy 
to arsphenamme, bismuth, gold, benzene, di-nitrophenol, ammopynne, 
barbital and amytal— substances to which attention is now invited The 
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cases in which the condition develops in the course of sepsis also fall 
in this gioup 

Arsphenmmne — Although arsphenamine was intioduced into theia- 
peutic use by Paul Erhhch in 1910, from six to nine years elapsed before 
attention was focused on the postarsphenamine blood dyscrasias by 
Evans, Lerride and Labbe and Langlois These complications are very 
rare Loveman collected reports of 64 cases of aplastic anemia, purpura 
haemorrhagica and agranulocytosis from the hteratuie Cole and his 
co-workers obseived 2 cases of purpura haemorrhagica among 12,212 
patients who received 78,350 injections of various arsenicals over a 
period of ten yeais Aubertin and Levy found m the literature reports 
of 28 cases of agranulocytosis following antisyphihtic therapy 13 
patients were males and 15 females, the ages varying fiom 11 to 50 
)i^ears, the average being between 20 and 40 yeais Most of the subjects 
with this complication aie robust and fiee from any pathologic compli- 
cation Postarsphenamine accidents are observed most frequently in 
women, according to Emile- Weil and Ishwall The disease appears at 
ages ranging fiom infancy (hei editary syphilis) to nineteen years after 
the appeal ance of chancre The type of arsphenamine does not seem to 
be important arsphenamine, neoarsphenamine, sulfarsphenamine, silvei 
arsphenamine or other preparations The doses administered have never 
been greater than the average The date of occurrence is variable, in 
many cases being during the fiist series of injections but m most instances 
duiing the second and third series The time that elapses from the 
administration of the last injection to the development of the disease 
varies from one to eight days, with itching of the skin, headache, sore 
throat, vomiting, malaise and fever as the eaihest symptoms Many of 
the patients show eaily ulcerative necrotic anginal lesions and hemor- 
rhagic manifestations In some of the cases the picture conforms to 
Schultz’ description, some patients have mild or marked anemia, and 
still others have anemia with thiombopenia — all grades are encountered 
merging with aplastic anemia Dodd and Wilkinson stated that an 
initial stimulation of the blood-forming elements precedes a subsequent 
severe depression The mortality is about 50 per cent Autops)’' reveals 
a complete or almost complete disappearance of the cells of the myeloc} tic 
series, identical to that noted in idiopathic agranulocytosis and benzene 
poisoning 

Arsphenamine contains the benzene ring, but there is no evidence that 
it breaks down into benzene in the body According to Cushny, when 
arsphenamine is injected mtiamusculail)'- or subcutaneously, arsenic 
appears in the urine and stools, disappearing from the uiine in from 
ten to fourten days and from the stools later When injected intra- 
venously it appears unchanged in the urine in from five to ten minutes 
and persists in this form for five oi six hours, thereafter arsenites and 
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arsenates are found in the urine for seveial days and in the stools foi 
a lesser period of time When absent fiom the excretions, arsenic can 
no longer be found in the blood, though it may occur in the liver, bone 
marrow and kidney Though from 50 to 65 per cent of the aisenic 
injected can be regained fioni the urine, nothing is known of the 
lemaining 25 per cent or more 

The rarity of agranulocytosis due to aisphenamme, m view of the 
extensive use of this diug, suggests that in a certain few cases the bone 
marrow is idiosyncratic to this diug 

Bismuth — Agranulocytosis following bismuth therapy has been 
repoited by Silduff and McMann, Mouqum and Fleury, Sezaiy and 
Boucher, Aubertin, Blankstem and Lehmann It is reported associated 
with anemia or thrombopenia or both and of mild or severe grade It 
IS of interest to note that a good deal of bismuth is used in cases of 
ulcers of the stomach, gastro-enteritis, ulcerative colitis and diarihea, and 
yet agranulocytosis has not been reported in this group of cases Cer- 
tainly syphilis has not been demonstrated to exeit any role m disposing 
a patient to this complication 

Mercury and Silvei — Some authors have suggested that mercuiy 
and silver are possible causes 

Gold — Extensively used in the theiapy of chronic rheumatism, 
pulmonary tuberculosis, lupus erythematosus, leprosy and sarcoid, gold 
salts are responsible not only for cutaneous, mucous, digestive, renal and 
hepatic lesions but also for thrombopenic purpura, aplastic anemia and 
agranulocytosis Since 1919 there have been about 30 cases of these 
blood dyscrasias reported, of which 2 (m women) were instances of 
agranulocytosis Ameuille and Braillon, Jacob and Douady, Achard, 
Coste and Cahen, Emile- Weil, Jacquelin and Allanic, Emile-Weil and 
Bousser, Ramondi and San Giovanni, Bonafe and Mollard, Farjon, 
Laignel-Lavastme, Reye, Fourcade and Jauneau, Stugl, and Nardi have 
contributed to this subject About 80 per cent of these cases occuired 
in women and all in France, perhaps because of the populaiity there of 
gold as a medicament Each of the gold products sanociysin (sodium 
gold sodium thiosulfate), aurocantan, triphal, lopion (sodium gold thio- 
urea benzoate), solganol B (aurothioglucose), aurophos (the sodium 
gold double salt of an amino-arylphosphinic acid), colloidal gold and 
others have been responsible The accidents occur at variable times 
during the course of injections, sometimes as early as the third or fouith 
injection The symptoms are similar to those seen in “arsphenamine 
agranulocytosis , especially marked is fever with minimal or maximal 
hemorrhagic manifestations involving the skin and viscera 

Benzene— A close similarity exists between agranulocytosis and 
benzene poisoning, so much so as to suggest that the benzene ring 
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(contained in arsphenamine and in di-nitiophenol) is an etiologic agent 
Orzechowski, Barker, Flandin, Aubertin, Poummer, Baldridge and 
Hansmann and Kracke have each produced pure agranulocytosis using 
benzene experimentally They discovered that the smaller the doses 
of benzene employed, the more selective the affinity for myeloid tissue 
The picture of the destruction of white blood cells as seen m the bone 
marrow m agranulocytosis is closely identical to that seen m benzene 
poisoning The experiments of Selling, who injected benzene into 
rabbits, are enlightening Not only aie the parenchymal cells of the 
hematopoietic tissue destroyed but the white cells of the peripheral blood 
The myeloid suffeis more than the lymphoid tissue, and the poly- 
morphonuclears of the peripheral blood are moie greatly affected than 
the lymphocjdes Though the erythoblastic tissue is destroyed, the 
erythrocytes of the peripheral blood are little affected If benzene is 
given 111 adequate amounts the myeloid and lymphoid tissues can be made 
completely aplastic within three or four days , regenerative changes then 
begin, and after fiom fifteen da 3 's to tliiee weeks these organs are com- 
pletely legenerated As regeneration progi esses the blood picture 
approaches noinial In the bone marrow the process of regeneration 
begins with the foiniation of small circumscribed cell groups and islands 
composed of laige lymphocytes, granulocytes and erythroblasts These 
islands mciease in size and number and then fuse with each other, and 
the reticulum heconies filled with parenchymal elements In the early 
stages the young cells predominate with myeloblasts and myelocytes, and 
in the later stages they become rare The small lymphocytes and poly- 
blasts are most lesistant to benzene and aie found aftei the other cells 
disappeai 

The pathologic pictuie is chai actei ized by petechial and ecchymotic 
hemorrhages throughout all the viscera, the spleen becomes atrophic 
with the destruction of the lymphocytic elements, and the parenchymatous 
organs and bone mairow become fatty With profound anemia, leuko- 
penia and thiombopenia the bleeding time becomes increased, the blood 
clot fails to letract and the hemoglobin content is i educed There is 
a decided lack of response to infection, symptomatically and experi- 
mentally (Wmternitz and Hirschfelder, Camp and Baumgartner, and 
Kline and Wmternitz) The studies of Horwitz and Diinker, Simonds 
and Jones and Hektoen have shown that there is a marked reduction 
in the thrombin-producing capacity, fibrinogen, lysms, precipitins and 
opsonins in the blood 

In many respects thorium, radium and x-rays have an effect that is 
very similar to that of benzene 

Dt-Nifi opheiiol — Unlike benzene, arsphenamine, bismuth and gold, 
di-mtrophenol does not produce any blood dyscrasia other than agranu- 
locjftosis In 1933 Tainter, Stockton and Cutting first called attention 
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to the use of this drug foi the purpose of stimulating metabolism m 
the patient with hyperthyroidism and effecting loss of weight in the 
obese person Its pimcipal toxic effects are diaphoresis, hyperthermia, 
urticaria, angioneurotic edema, jaundice and nephiitis, and tachycardia, 
a fall in blood pressure, acidosis and stupoi also have been noted It 
has produced agranulocytosis in the cases reported by Hoffman, Butt 
and Hickey , Silvei , Davidson and Shapiro, and Bohn Again, idio- 
synciasy to this diug was blamed 

Anmwpy} me — After Kracke suggested in 1931 the possibility that 
ammopyrine or its denvates ® are important in the etiolog}’- of agranu- 
locytosis, numerous leports (Watkins, Madison and Squier, Deversy 
Plolten, Nielsen and Tiansb^l, Jorgensen, Costen, Barf red, Zin- 
ninger , Seemann , Andei sen , Randall , Hoffman, Butt and Hicke) , 
Laien, Rawls, Zinberg, Katzenstem and Wice, Benjamin and Biedei- 
man, Groen and Gelderman, Corelli, Fitz-Hugh, Knudson, Moltke, 
Johnson , Fisher , Sturgis , Plum and others) have appeared in which the 
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drug is accused Patented in Germany in 1896, aminopyime has been 
used for the past twenty-five years in America and veiy extensivel}/ 
during the past fifteen years Accoiding to the Gatheicoal Suivey of 
Prescription Ingredients ammopyrine was prescribed by physicians 
almost sixteen times more frequently in 1926 than m 1907 and seventy 
times more frequently in 1931 and 1932 than in 1907 About 153 cases 
(Kracke and Parker) have been reported in which there was a histoi> 
of Its use In only a very few of this number, however, had the con- 
dition been proved to be due to the pyrazolon drug The importance 
of ammopyrine as a causative agent is illustrated by seveial facts 
Experimentally, Madison and Squier produced agranulocytosis in a 
single rabbit given allonal (allyhsopiopyl barbituric acid with amino- 
pyrine) , Millei observed a decrease oi almost complete absence of 
granulocytes in the bone marrow following its use, and Climenko has 
shown that after administration to the rabbit of ammopyrine, antipyrine. 


3 According to Watkins the barbiturates and amytal have 
been responsible for agranulocytosis Neostibosan (an antimony 
also been blamed ^ 


in rare instances 
compound) has 
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phenylhydrazine hydrochloride, catechol (pyiocatechm) and ortho- 
quinone the normal leukocyte response to nucleic acid is not evoked 
Clinically, Madison and Squier, Plum, Benjamin and Biederman, Sturgis 
and others have reported cases in which the patients recovered from 
“aminopyrme agranulocytosis” and when small doses of aminopyrine 
were again administered the Schultz syndrome presented itself, some of 
the patients showing cutaneous reactions to the drug When these 
patients ceased taking the drug an attack failed to recur That 
aminopyrine can produce alleigic phenomena is shown by the swelling of 
the eyelids, cheeks and lips, the blotches on the forehead and the backs 
of the hands, the malaise (Unger), the scrotal urticaria, the genital 
edema (Crohn) and the exacerbation of fixed eruptions, for which it 
may be lesponsible The patch, intracutaneous and scratch tests give 
positive results for aminopyrine in certain rare cases (Meredith) 
These obseivations show that some persons possess an idiosyncrasy to 
aminopyrine Also, some authors have expressed the belief that the 
striking incidence of agranulocytosis since 1922, its predominance m 
physicians, physician’s families, housewives, medical students, nurses, 
hospital orderlies, druggists and dentists and its occurrence at the time 
of catamenia are to be explained by the use of aminopyime and allied 
drugs By virtue of these data it has been urged that the use of 
aminopyrine should be restricted or that when the diug is employed there 
should be careful observation of the peripheral blood picture 

That aminopyrine is only an occasional etiologic factor is supported 
by abundant experimental and clinical evidence The attempt to produce 
agranulocytosis in the laboratory animal by the administration of amino- 
pyrme has, for the most part, been a complete failure Schilling, 
Kracke, Fitz-Hugh and Comroe, Maikson, Kunde and her associates and 
others have arrived at this conclusion In an eflfort to investigate the 
effect of aminopyrine on the white blood cell and differential counts I 
undertook a study of 120 animals (guinea-pigs, labbits and monkeys) 
over a period of eight months Aminopyrine was given orally to one 
group in doses ranging from a fraction of a gram to 3 drachms 
(53 Gm ) , daily, and blood cell and diff ei ential counts were taken 
daily The symptoms were stupor, diarrhea and loss of weight Many 
of the animals died of pneumonia, and some from aminopyime poison- 
ing, but at no time was agranulocytosis observed This work was repeated 
with subcutaneous, intrapentoneal and intravenous injections, but no 
change in the blood picture occurred With another group an attempt 
was made to sensitize some of the animals that were treated, and these 
were given a one month rest period, after which the medication was 
again given, still without effect Incidentally, huge doses of the drug 
weie injected into a pregnant gumea-pig for one and one-half months, 
but the new-born guinea-pig and the mother both had normal blood 
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pictures The next pioblem contended with was Do severe anemia, 
damage to the bone marrow, starvation, chronic infection and toxemia, 
or cachexia, constitute the soil on which agranulocytosis develops when 
aminopyrine is administered^ The animals in the first group in this 
series were bled daily until the red blood cell count fell to between 
1,500,000 and 2,000,000, and the red cells in the smeai showed aniso- 
cytosis, poikilocytosis, and polychiomasia Despite this prepaiation the 
white blood cell count failed to fall as a result of prolonged administra- 
tion of the drug Into the animals in the second gioup small quantities 
of benzene in olive oil were injected subcutaneously until severe 
neutropenia and anemia were produced In most of the animals the 
white blood cell count fell to below 1,500 To one half of the animals 
in this group aminopyrine was given orally, and these animals showed, 
peculiarly enough, a more rapid rise in the white blood cell and 
polymorphonucleai difterential counts than did the animals which were 
not given the drug After the animals m the third group weie starved 
for five days the drug was administered but without avail In the 
animals in the fourth group broth cultures of B subtilis, Str vindans 
and suipestifer were injected subcutaneously, and one month later, with 
the infection still persisting, they were given heavy doses of aminopyrine 
orally for thiee weeks The white blood cell counts weie elevated during 
the period of aminopyrine treatment, and the differential counts showed 
a predominance of polymorphonuclears Thus, administration of 
aminopyrine to guinea-pigs, rabbits and monkeys, both with and without 
preliminary anemia or injury of the bone marrow, failed to produce any 
appreciable granulocytopenia 

Many clinicians see no cause foi alarm Schilling, Dennig and 
Zontscheff observed an aggregate group of 280 persons to whom 
aminopyrine was given daily for a period of a year, but no pernicious 
leukopenia was observed Goidon has noted that the various psycho- 
pathic institutions in the country where this drug is used constantly do 
not report the disease, nor has Aichibald Hoyne obseived this com- 
plication in the several contagious disease hospitals of Chicago where 
aminopyrine has been employed since 1929 as a more or less specific 
prepaiation for the therapy of measles Custer has added that at the 
Philadelphia General Hospital, having a yearly admission of about 
30,000 patients, the approximate consumption of aminopyrine during 
1934 was 120,000 tablets, no agranulocytosis was noted m the 1,926 
autopsies performed during that year Aminopyrine is extensively used 
and in prodigious quantities m the United States, yet the idiosyncrasy 
to it IS exceedingly rare 

Some investigators have given aminopyrine to patients suffering from 
acute agranulocytosis and have observed no untoward results Jackson 
gave the drug to 3 patients, 2 of whom recovered and 1 died Limarzi 
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and Murphy administered a total of 370 grains (24 Gm ) of aminopyrine 
to a patient during her fourth attack of acute agranulocytosis, and she 
suivived Marcus, similarly, gave doses of 2 5 Gm of aminopyime to 
a subject and continued the administration for twenty-one days through- 
out the couise of illness with no ill effects At the March 1935 meeting 
of the German Congress of Internal Medicine, Naegeh, Dennig, Veil 
Kisslmg, Neeigaard and Schittenhelm said that they saw no reason for 
disci editing the drug 

In the light of piesent evidence aminopyrine is to be lespected, like 
aisphenamme and bismuth, as a useful medicament but also as one to 
which a raie patient may be sensitive 

SUMMAR\ 

Agranulocytosis is a disease of multiple etiolog} Its aspect is 
being altered daily, and the tests of peisistent clinical obseivation and 
experimentation are essential to mold it into acceptable form At 
present all that is known is that agranulocytosis is a relatively new 
disease, which is univei sally distiibuted but especially throughout the 
United States, Germany, Denmark, England, France and Italy, that it 
attacks chiefly women between the ages of 40 and 60, that its essential 
process is one of degeneration of the mjeloid cells in the bone marrow, 
causing a failure to leplace the dying neutiophils of the peiipheial blood 
stream, resulting m complete absence of the neutrophils and inviting 
septicemia, which often pioves fatal seveial days after the insult to the 
bone mairow, that the “primary” foim may be a lesult of infection, may 
be related to aplastic anemia oi leukemia, may be a developmental defect 
or may be caused by vitamin deficiency or anaphylactic oi endocrine 
factors, and that the “secondary” form develops from sepsis oi m the 
rare person whose bone mairow is idiosyncratic to arsphenamme, bis- 
muth, gold, di-nitrophenol, aminopyime, barbital and amytal medication 
Greater intimacy with this disease will undoubtedly leveal fewer and 
fewer cases of idiopathic oi primal y origin 
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Notes and News 


University News, Promotions, Resignations, Appointments, Deaths etc 
—In Georgetown University, Washington, D C, Vincent J Dardmski, associate 
professor of pathology and parasitology, has been appointed professor of anatorny 

N S Conant has been appointed associate professor of bacteriology at Duke 
University 

Paul Kimmelstien has been appointed associate in pathology in the University 
of Pittsburgh 

In the College of Medical Evangelists, Loma Linda, Calif , Albert Brown has 
been appointed instructor in pathology 

John 1 Fanz, professor of pathology, bacteriology and hygiene in Temple 
University, Philadelphia, died Aug 26, 1935 He was 44 years old 

Konrad E Birkhaug, from 1925 to 1932 associate professor of bacteriology at 
the School of Medicine and Dentistry of the University of Rochester and for the 
past three years a member of the Institut Pasteur at Pans, now occupies the 
chair of experimental medicine at Michelsen Institute for Scientific Investigations, 
Bergen, Norway 

Frederick Robert Zeit, professor of pathology m the medical school of North- 
western University, Chicago, has died at the age of 71 years 

Society News — The Georgia Association of Pathologists was organized 
Oct 29, 1935, with seventeen charter members The headquarters of the associa- 
tion will be in Atlanta The officers are Everett L Bishop, president, R R 
Kracke, vice-president, and T F Sellers, secretary-treasurer Meetings will be 
held monthly 

The Pacific Northwest Society of Pathologists has been organized with the 
following officers F R Menne, president, O H Nickson, vice-president, T D 
Robertson, secretary-treasurer 


Wisconsin Law on Blood Tests — This law follows the New York State 
law on blood tests and provides that in cases of disputed paternity the court may 
order “blood tests to determine whether or not the defendant can be excluded as 
being the father of the child ” These tests may be made by “duly qualified phy- 
sicians” and by “other duly qualified persons” 


Grants m Aid — The next meeting of the Committee on Grants-in~Aid of the 
National Research Council will be held in March 1936 Applications for grants 
must be on file with the secretary, Clarence J West, 2101 Constitution Avenue, 
Washington, D C, not later than February 15 next 

The next meeting of the Committee on Scientific Research of the American 
Medical Association for the consideration of applications for grants will be held 

Applications should be addressed to the committee at 
535 North Dearborn Street, Chicago 



Obituaries 


CHARLES NORRIS 
1867-1935 

Charles Norris was boin in Hoboken, N J , on Dec 4, 1867 He 
died in New York on Sept 11, 1935 He attended Cutler’s school in 
New York, obtained his collegiate degree from the Sheffield Scientific 
School of Yale University in 1888 and graduated from the College of 
Physicians and Surgeons, New York, in 1892 A two year internship 
at the Roosevelt Hospital followed Here he came under the influence 
of Francis Delafield, one of the eailier American masters of pathology 
and an outstanding clinician of his time 

Following two years at Gottingen and Vienna, Dr Non is entered 
the department of pathology of the College of Physicians and Surgeons 
of Columbia University Heie, under the diiection of T Mitchell 
Prudden, he carried out investigations in patholog)', bacteriology and 
toxicology In 1899 he became instructor in patholog}^ at Cornell, but 
in 1902 he returned to the teaching staff of Columbia 

In 1904 Dr Norris gave up his full time academic career to become 
director of laboratories at the Bellevue Hospital Here his talent foi 
the organization and direction of scientific work, which was to become 
valuable to his community and to forensic mediane at large in his future 
career, had an opportunity for development 

The consolidation of its constituent parts into the gi eater city of 
New York led to intolerable conditions in the coroner’s office To the 
faulty functioning inherent m this office everywheie were added abuses 
and graft because a number of elective coi oners, parts of whose juris- 
dictions had entered into the metropolitan consolidation, held 
authority in the greater city In 1915 the state legislatuie abolished 
the office of coroner in the city of New Yoik and replaced the divided 
authority of a number of coroners by that of a single office of chief 
medical examiner This change was to become effective on Jan 1, 1918 
In the interval, as the lesult of a comprehensive civil service examina- 
tion conducted by a special committee of the outstanding pathologists 
of the city of New York, Dr Norris was appointed the first chief 
medical examiner This office he held until his death 

It was as chief medical examiner that Dr Norris did his most 
important work, and outstanding work it was in a hitherto neglected 
field of medicine in the United States The medical examiner system 
had been in use in Boston since 1877, but in New York the problem 
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was a much more difficult one because of the laigei field to be covered 
by a single office and of the greatei volume of woik To this task of 
organization Dr Norris at once bent his unusual ability along this line 
The task was an especially difficult one, not only because an entirely new 
type of governmental agency had to be developed but because many 
employees of the old coroner system, whose morals and morale had 
been contaminated by work under that system, had to be taken over 
This factor impeded the woik of the medical examiner for many years 
How well the task of organization was accomplished becomes evident 
to any one who investigates the lecoids, the lecord system and the 
work routine of the office 

To excellent previous tiaining in pathology and its allied sciences 
and to ability m organization Dr Non is added other attributes that 
were important foi the success of the new venture The large amount 
of actual physical woik that he did in the performance of necropsies 
was possible only for one of his laige frame and powerful physique 
His tact and sense of humor, both attributes of value at times in a 
democracy, soon made it possible for him to convince the politicians 
that the office of chief medical examiner was not just another political 
office run by just another politician but an agency that tiled to do 
impoitant public work in a scientific manner His imposing figure and 
his professional bearing made him an excellent expert witness, and his 
learning and experience, his unfailing good humor and the quizzical 
twinkle of his piercing eyes set undei huge, shaggy brows put to rout 
the verbal pyiotechmcs of bombastic cross-examining attorneys The 
work of the chief medical exammei of the city of New York was soon 
accepted at its full value by police and piosecutmg officials, courts, 
compensation boards and insurance companies ' 

Dr Norris was a kindly man Being a kindly man he could be 
deeply hurt by unjust criticism And being a kindly man he was deeply 
appreciative of the good opinion of his colleagues Early in 1935 the 
New York Academy of Medicine awarded him its gold medal for 
scientific achievement and outstanding public service In reply to a 
note congratulating him on this honor, I received a letter, written m 
Dr Norris’ own characteristic angular chiiogiaphy, brimming with 
enthusiasm and encouragement and smceie appreciation 

Di Norris had been assistant professor of pathology m the medical 
school of Cornell University and piofessor of pathologic anatomy in 
the medical department of Eordham University In 1933 he was made 
professor of forensic medicine m New York University and Bellevue 
Hospital Medical College 

The place of Dr Norris as chief medical examiner will be hard to 
fill But his successor will find a firm foundation of work already 
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accomplished on which to build further If and when the rest of the 
country replaces the antiquated coroner system by the more modern 
and scientific agency of the medical examiner, the medical examiner’s 
office of the city of New York will become the most fitting monument 
to the ability and memory of Charles Norris 


Oscar T Schultz 



Abstracts from Current Literature 


Pathologic Anatomy 

Effect or Peritoneal Resorption on the Lister E G Laird, Virchows Arch f 
path Anat 291 440, 1933 

A variety of substances in solution were injected intrapentoneally into mice 
and rats, and their effects on the liver studied histologically, to test out the thesis 
that substances resorbed from the peritoneal cavity by the blood stream are carried 
directly to the liver The chemicals used were potassium iodide, sodium iodide, 
iodoform, arsenic, yellow phosphorus, manganese chloride, and ortho and meta 
toluylendiamine The dosages used were such as proved fatal in from twenty- 
four to forty-eight hours At short intervals after injection the animals were 
killed and subjected to histologic examination Within fifteen minutes to one 
hour after injection marked fatty change of the hepatic parenchyma was evident 
This progressed to vacuolar degeneration of the hepatic cells Intravenous injec- 
tion of the same chemicals had a much less marked effect on the liver Ligation of 
the portal vein preceding intrapentoneal injection prevented or delayed the toxic 
action on the liver The greater part of the injected potassium iodide was excreted 
in from three to six hours and of iodoform m from twenty-four to forty-five 
hours The chemicals appeared in the bile within a short period after injection 
It IS suggested that intrapentoneal administration may be a valuable therapeutic 
procedure when a rapid and direct action on the liver is desired 

O T Schultz 

Xanthoma or the Heart K Wolff, Virchows Arch f path Anat 293 472, 
1934 

A man aged 62 years had had an acute rheumatic infection fifteen years before 
his death Seven years before death signs of chronic cardiac embarrassment 
appeared A month and a half previous to death the symptoms of acute endocarditis 
developed Necropsy revealed a chronic stenosing aortic endocarditis, recent ulcera- 
tne endocarditis of the aortic and mitral valves with perforation into the right 
auricle, and carcinoma of the esophagus Especial attention is directed to the pres- 
ence of groups of foam cells filled with cholesterol in the fatty tissue at the 
hilus of the kidney, m a mesenteric lymph node and in the heart, m which the 
right ventricular wall was most markedly involved In the heart the foam cells 
occurred m areas of fibrosis in which there was more recent cellular proliferation 
Wolff asks whether the xanthomatous condition and the valvular disease were 
separate and distinct processes or whether and m what manner the two processes 
were related to each other His analysis leads him to conclude that the endo- 
carditis and the lipoid deposition were distinct processes, but that they had a 
sequential relation to each other The acute valvular disease activated the older 
inflammatory areas in the myocardium In the presence of hypercholesteremia, 
which was not established by antemortem chemical examination and which is 
0 teritatively ascribed to the esophageal carcinoma, cholesterol was deposited m the 
activated granulation tissue He suggests that inflammation in the presence of 
disturbed cholesterol metabolism may be an essential factor m Hand’s (Schuller- 
Christian) disease „ ^ 

O T Schultz 


H Brandt, Virchows Arch f path Anat 


« 

A Case of Congenital Encephai itis 
293 487, 1934 

In 1866 Vitcliow applied the name “eongenital encephalitis" to a condition in 
new-born infants and young children characterized by areas of fatty de^imeraton 
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and sclerosis in the brain The cerebral condition may be associated with palsies, 
idiocy or Little’s disease The cerebral lesion has in geneial been ascribed to 
trauma sustained during birth In the case reported by Brandt, that of an infant 
who lived two days, the presence m the brain of areas of necrosis that had pro- 
gressed to calcification indicated that the factor causing the cerebral lesions had 
acted during intra-uterine life This factor he suggests ma 3 ' have been a circulatory 
disturbance, possibly transient in its action q -p Schultz 


Hyperplasia or Brunner’s Glands F Feyrter, Virchows Arch f path Anat 
293 508, 1934 

As a result of the caieful examination of the duodenums of 2,800 subjects 
Feyrter recognizes and describes three forms of benign hj^perplasia of Brunner’s 
glands diffuse and nodose hyperplasia, circumscribed nodular hyperplasia with 
single or multiple nodules, and adenoma The first two forms were observed in 
0 85 per cent of the cases studied Circumscribed benign adenoma is more rare 
and was observed in 0 12 per cent There was a significant but not absolute corre- 
lation between chronic renal damage and hj'perplasia of Brunner’s glands This 
IS ascribed to reactive hyperplasia following injurj^ to glandular epithelium by 
excreted toxic substances Adenomas arc not the result of tissue misplacement 
Previous investigators had noted hyperplasia of Brunner’s glands at the margin 
of duodenal ulcers, Wolff observed a similar process m the scars of healed ulcers 

O T Schultz 

Asbestosis Bodies E Beintklr, Vii chows Arch f path Anat 293 527, 1934 
P J Beger, ibid , p 530 

This IS a rather hair-sphttmg and controversial reply and rebuttal called forth 
by a previous article of Beger Bemtker maintains that the silicic acid liberated 
from inspired asbestos particles evokes a connectne tissue proliferation the locali- 
zation of which IS different from that of the usual form of silicosis The asbestosis 
bodies are the result of a protective reaction , the}’’ are pathognomonic of asbestosisf 
but have no bearing on the clinical manifestations of the process Beger admitsj 
that the harmful action of asbestos is due to liberated silicic acid but insist''^;;ASl j 
the process in asbestosis m itself is no different from that m other forms of '.Iicosis 
The asbestosis bodies increase the liberation of silicic acid and hence \^e an 
essential factor in the more severe clinical course and the greater degree of tissue 
reaction in asbestosis as compared with silicosis When asbestosis bodies are not 
formed, asbestosis may run as benign a course as ordinary silicosis 

O T Schultz 


Primary Tuberculosis or the Esophagus J Incze, Virchows Arch f path 
Anat 293 540, 1934 

Tuberculosis of the esophagus may occur as the result of implantation, and 
then it may be primary, of involvement by direct continuity from adjacent tuber- 
culous foci, or of hematogenous or lymphatic transport The condition described 
by Incze was noted in a 10 year old idiot who had swallowed a solution of lye 
twenty months before death Recovery was followed by stricture of the esophagus 
Death was preceded by symptoms of tuberculous meningitis Necropsy revealed a 
stricture of the esophagus at the lower level of the larynx and another at the level 
of the tracheal bifurcation Between these the esophagus was dilated and was the 
site of caseous tuberculosis Epithelium was absent in the tuberculous region 
There was generalized miliary tuberculosis with no foci older than the esophageal 
lesion The case is one of primary implantation tuberculosis in an esophagus 
scarred by the action of a caustic rp Cr-TiTTT-r -7 
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Atherosclerosis of the Aorta as Observed in One Thousand Neotopsies or 
Persons Over Twenty Years or Age E Dorj^ianns and E Emminger, 
Virchows Arch f path Anat 293 545, 1934 

In this investigation the factors taken into account were age by decades, sex, the 
degree of atherosclerosis of the various portions of the aorta (ascending portion, 
arch, descending portion and abdominal portion) and the degree of arteriosclerotic 
involvement of the mouths and of the peripheral portions of tlie coronary arteries 
These data were analyzed separately for tuberculosis, carcinoma and syphilis, all 
other conditions being grouped together as controls The incidence and severity 
of atherosclerosis was relatively slight in the ascending portion of the aorta, 
increased in the arch, decreased again in the descending portion, and again became 
more marked in the abdominal portion Except for syphilis, the curves are much 
alike for the diseases studied and for the controls In syphilis, involvement was 
marked as to both incidence and severity in the three thoracic portions of the 
aorta , it was somewhat less marked m the abdominal portion but above the level 
for tuberculosis and carcinoma and the controls Severe atherosclerosis of the 
abdominal portion of the aorta was more frequent in women than in men and 
coronary arteriosclerosis was more frequent in men These differences m the 
sexes became more evident with advancing years up to the age of 70 Severe 
atherosclerosis was less frequent in cancerous persons than in the controls, the 
percentages for the various decades being higher for women than for men 
Coronary sclerosis was relatively less frequent in the syphilitic group than in 
the others In tuberculous persons the incidence of abdominal atherosclerosis 
was relatively lower and that of coronary sclerosis relatively higher 

O T SCHUITZ 


A Mesenteric Cist with the Structure of an Esopiiacus S Floderus, 
Virchows Arch f path Anat 293 608, 1934 

A mesenteric cyst removed from a girl aged 11 years had a length after fixation 
of 7 cm and a diameter of 2 5 cm Its lumen was lined in greater part b}’’ multi- 
layered squamous epithelium like that of the esophagus The epithelium rested 
on a thick muscularis In places the lining was like intestinal mucosa, with single- 
layered columnar epithelium and crypts of Lieberkuhn Groups of mucous glands 
were embedded in the wall Floderus postulates an origin from pluripotent tissue 
separated from the entoderm m early embryonic life q -p qrwTTTTy 


Histologv or the Pancreas in Nutritional Disturbances oi Nurslings St 
Mahrburg, Virchows Arch f path Anat 293 682, 1934 

Histologic examination of the pancreases of thirty nurslings dead of nutritional 
disturbances revealed no characteristic or specific changes The interacinar tissue 
was edematous and relatively prominent as the result of passive congestion 

O T Schultz 


GvNECOilASTIA AND ClRRHOSIS OF THE LiVER M BeRCONZI, VirchoWS Atcll f 
path Anat 293 697, 1934 

Reserving the ^rm “gynecomastia” for diffuse non-neoplastic hypertrophy of 
the male mamma Bergonzi notes that this condition is most often associated with 
cirrhosis of the liver, pulmonary tuberculosis, syphilis and tumor of the testis 
From the Italian literature he has tabulated 101 examples of such association 
many of the reports are dm, cal Of 453 cases of gyiiecomastia r“oS ,n thi 

showed the association with atrophic cirrhosis 
of the liver The association was first fully discussed by Silvestrini in 1923 
mammary h3^pertrophy m hepatic cirrhosis is known as Silvestrini's sign Bertronzl 
has previously reported 2 cases and reviewed the suhiert m ^ f^ergonzi 

In the present ar.,de he reports the “ZZonT, SZnTSSes 
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the pathogenesis of gynecomastia in cirrhosis The patient was a man aged 54 
years at the time of death Symptoms of cirrhosis of the liver became evident 
two years before death At about the same time loss of sexual power was noted, 
this progressed to complete impotence The gross and microscopic observations 
may be summarized as follows interlobular atrophic cirrhosis of the liver with 
hemosiderosis of the liver, spleen, pancreas, hypophysis, thyroid and testes , atrophy 
of the hypophysis with increased colloid content of the pars intermedia and basophilic 
infiltration of the posterior lobe, atrophy and tubular degeneration of the testes, 
slight hyperactivity of the thyroid, bilateral glandular mammary hypertrophy 
The pathogenesis of gynecomastia in cirrhosis of the liver is ascribed by Bergonzi 
to endocrine dysfunction, especially of the testes and hypophysis In support of 
this view of the endocrine feminizing effect of hepatic cirrhosis in the male he 
notes that the female type of pubic escutcheon is observed so frequently in cirrhosis 
as to be of diagnostic importance, and he himself has frequently noted atrophy and 
tubular degeneration of the testes in cirrhosis That gynecomastia does not occur 
more often is probably due to an underlying constitutional factor which modifies the 
feminizing effect O T Schultz 

Hidatid Moles in Cattle A F Folger, Acta path et microbiol Scandinai , 
supp 1934, p 104 

This disease in cattle is rare, onl}' four cases have been reported previousK 
Folger discusses in detail five cases of his own, and concludes that in cattle 
so-called hydatid mole frequently develops as a hyperplasia of the connective tissue 
of the chorion with no involvement of the epithelial elements The morphologic 
variations are summarized as follows (1) a formation of vilh with or without 
cysts , (2) polymorphous tissue-hke nodules that develop possibly from certain 
intravascular proliferations, (3) a structure similar to the choriocarcinoma of 
human beings which apparently arises from hypertrophic villi in which cj sts form 
Folger calls attention to the associated occurrence m cattle of hjdatid mole and 
teratoma 


Immunology 

Complement Fixation as Related to Resistance and Allergy in Experi- 
mental Tuberculosis A B Baker, Am Rev Tubcrc 31 54, 1935 

In experimental work with tuberculosis vaccinated rabbits can be differen- 
tiated from nonvaccinated ones by the complement-fixation test The titer of the 
antibody in vaccinated animals does not measure the existing allergy but appears 
to parallel the resistance of the animals to experimental tuberculosis Antibod} 
which has been produced by vaccination and which cannot be detected by the 
complement-fixation test is not destroyed but has left the circulation, it can be 
exfoliated by various stimuli jj j (^qrper 

The Decomposition of Tuberculoprotein, Starch and Gelatin b\ Diy 
Grinding C H Boissevain, Am Rev Tuberc 31 542, 1935 

Prolonged grinding of starch causes it to change first into erythrodextrin and 
then into achroodextrm Prolonged grinding of gelatin changes it into a peptone- 
hke compound that is very soluble in cold water and unable to form a gel even 
at icebox temperature Defatted tubercle bacilli consist mainly of an insoluble 
compound of specific polysaccharide and tuberculoprotein This compound can 
be broken up by prolonged grinding into water-soluble protein, peptone and poly- 
saccharide Treatment with 4 per cent sodium hvdroxide solution or boiling 
with dilute acid has the same effect Water-soluble protein is hydrolyzed into 
peptone in dilute solutions j 
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A Comparison op thf Antigenic Properties oi Defattfd Tubercle Bacilli 
AND Their Derived Proteins C H Boissevain, Am Rev Tuberc 31 
547, 1935 

Water-soluble proteins obtained from ground tubercle bacilli, from hydrolyzed 
bacilli and from filtered culture medium have the same tuberculin activity 
Doses of from 1 to 40 mg of defatted tubercle bacilli make guinea-pigs hyper- 
sensitive to 01 cc of a 001 per cent solution of tuberculoprotein The same 
doses of the insoluble residue obtained by grinding make guinea-pigs hypersensi- 
tive to 0 1 cc of a 1 per cent solution It was not possible to make guinea-pigs 
hypersensitive to a 1 per cent solution of tuberculoprotein by the injection of 
from 10 to 100 mg of any water-soluble or alkali-soluble protein or peptone 
derived from the tubercle bacillus j Corffr 

Tetanus Toxin Not Transported in Peripheral Nerves J 'J Abel et al. 
Bull Johns Hopkins Hosp 56 84, 1935 

We have presented many considerations and many facts m support of our 
belief that tetanus toxin and dyestuffs injected in an aqueous medium intra- 
neurally, subcutaneously, intramuscularly or intravenously are not carried m the 
axis-cylinders, the lymphatic vessels or the tissue spaces of peripheral motor 
nerves to the reacting cells of the central nervous system We have also cited 
the recent investigations of anatomists who have traced the outflow of lymph 
trom nerve trunks and have shown that it, like the lymph of other structures 
of the body, is added finally to the venous blood and not to the cerebrospinal 
fluid We furthermore called attention to a series of investigations that were 
carried out by Abel and Abel and Turner m the years 1910 to 1914 m which it 
was conclusively shown that alkaloids and dyestuffs cannot be distributed 
throughout the body by any peripheral mechanism such as the “tissue spaces ” 

From the Authors’ Summary 

Intradermal Antiserum Tests L Foshay, J Allergy 6 360, 1935 

Intradermal tests with certain antiserums, e g, antitularense, antibrucella, etc, 
may cause the typical reaction of sensitization in the allergic sense as well as — 
and this is a new observation — simple erythema with central edema and complete 
absence of urticaria m patients with the corresponding infection The reaction 
IS specific and unrelated to sensitization with the serum The erythematous- 
edematous reaction may be useful as a diagnostic aid Approximately 0 04 cc 
of a 1 10 dilution of the antiserum should be injected intradermallv The 
reaction usually appears within a few minutes 


The Occurrence of Antifibrinolytic Properties in the Blood of Patients 
WITH Acute Hemolytic Streptococcus Infections W S Tillet, J Clin 
Investigation 14 276, 1935 


specific antisubstance directed against the fibnn-dissolving action of hemo- 
lytic streptococci was demonstrated in the blood of approximately 75 per cent of 
patients who recovered from acute streptococcic infections The fibrin clot from 
the blood of patients who died of the infection was in no instance capable of 
inhibiting the bacterial fibrinolytic action The antifibrinolytic response was 
demonstrable at the approximate time of recovery in some patients, and in others 
It was not detected until the second to fourth week of convalescence Althou-h 
there were exceptions, the specific response appeared during the course of erv- 
sipelas earlier than it did during that of any acute streptococcic infection of the 
upper respiratory tract Antifibrinolytic resistance developed in twenty-eight 
patients All of them recovered, and their convalescence was not interrupted by 
a reactivation of the streptococcic infection Seventeen patients faded to acquirt 
humoral antifibrinolytic properties In seven of those included in this group the 
disease was self -limiting and convalescence uneventful Of the remaining^ ten 
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seven died and three had prolonged dlnesses due to exacerbations of active strep 
tococcic infection In a few cases of active rheumatic fever and acute nephritis 
which were studied antifibrinolytic resistance was usually present The response 
did not differ in its development from that which occurred in cases of acute 
streptococcic infection without the visceral involvements of rheumatic fev^er or 
acute nephritis From thc Author’s Summarv 

Anaphylaxis with Poilln C Bfrnstein Jr, J Exper Med 61 149, 1935 

Guinea-pigs given intracutaneous and subcutaneous injections of relatively 
small amounts of an extract of the pollen of burwecd marsh-elder did not show 
anaphylactic response to intravenous shock doses of this material three weeks 
later Animals sensitized with horse serum before or at the time of the injec- 
tion of pollen ^extract could be shocked after an interval of three weeks with 
pollen extract alone The possible role of this underlying sensitiv it}’' is discussed 

From the Author’s Summarv 

Hypersinsitiveness in Dogs Aptir Experimental Pniumococcls Lobar 

Pneumonia L T Coggeshail, J Exper Med 61 235, 1935 

The data derived from the investigations indicate that dogs do not acquire 
hypersensitnnty to Pneumococcus as the result of experimental lobar pneumonia 
This inference is based on the following findings Fifteen dogs w’ere given tjpe I 
and type II pneumococcic lobar pneumonia and follow’ing recov’ery were tested 
for hypersensitiveness b} means of intrabronchial and intracutaneous injections 
of the autolysate of the homologous tvpe of Pneumococcus Seven dogs had a 
pulmonary lesion discernible in the x-ray film at the site of the intrabronchial 
injection of the autolysate, three of these dogs were normal controls No evi- 
dence of a positive skin reaction was found in any of the fifteen dogs, man} of 
which received repeated infections and mtradermal injections of the autohsate 
Subsequent infections in the same animals were definitely milder than the initial 
infection The infections follow'ing the mtrapulmonar} and cutaneous administra- 
tion of the autolysate were practically of the same intensity as the initial infection 
The temperatures, pulse rates, white blood counts and differential blood pictures 
showed no significant variations following mtrapulmonar} injection of the auto- 
lysate Tests for the acquisition of humoral immune bodies following the injec- 
tion of the autolysate and recovery from the experimental disease showed the 
presence of these substances in some dogs and their absence in others Histologic 
study of the pulmonary lesions produced by the autoljsate failed to rev'eal changes 
characteristic of an allergic reaction However, the perivascular accumulations 
of large mononuclear cells observed in the lesions of the dogs wdiich recovered 
suggest a locally accelerated reactivity of the fixed tissue cells to the products 
of Pneumococcus From the Author’s Summarv 

The Serological Dipeerentiation op Hemolytic Streptococci prom Parturient 

Women R C Lancepilld and R Hare, J Exper Aled 61 335, 1935 

The majority of the strains of hemolytic streptococci from puerperal uterine 
infections were identified serologically as members of the group A described by 
Lancefield The majority of the strains isolated from the birth canals of women 
m w’hom the puerperium was afebrile were not members of group A Two new’ 
serologic groups of hemolytic streptococci, F and G, are described 

From thp Authors’ Conclusion 

Local Skin Reactivity to Bacillus Tuberculosis G Shw'Artzman, J 

Exper Med 61 369, 1935 

New toxic substances in certain tuberculin, old tuberculin and filtrates of 
Bacillus typhosus are described These substances are capable of eliciting the 
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hemorrhagic necrosis characteristic of local skin reactivity provided heterologous 
bacterial filtrates of high potency are used for either the mtradermal or the 
intravenous injection The toxic substances apparently have no relationship to 
the tuberculin substances proper The experiments with inactive preparations also 
demonstrate m rabbits a state of hypersensitiveness to tuberculin, old tuberculin 
and bacteria-free culture filtrates in the absence of tuberculous foci The reac- 
tions are elicited provided the tissues are rendered vulnerable through contact 
with certain soluble bacterial factors capable of eliciting local skin reactivity to 
bacterial filtrates and provided the tuberculin or the tubercle bacillus culture filtrate 
IS injected intravenously into immunized labbits 

From the Author’s Summary 

Grading of Local Skin Reactivity to Bacterial Filtrates G Shwartzman, 
J Exper Med 61 383, 1935 

In this paper are described methods for grading local skin reactivity to bac- 
terial filtrates The grading is accomplished bv titration of the skin-preparatory 
factors and by studies of the duration of the ensuing reactivity It was found 
that the duration of reactivitj' depends on the mode of preparation of the filtrates 
and on the micro-organisms employed Thus, it lasts for ninety-six hours with 
Meningococcus “agar washings” filtrates and for seventy-two hours with Bacillus 
typhosus “agar washings” filtrates, it disappears svithin forty-eight hours with B 
typhosus tryptic digest broth culture filtrate and B typhosus “agar washings” fil- 
trates previously heated in the Arnold sterilizer for twenty minutes Comparative 
titrations of the preparation employed demonstrate that the duration of reactivity 
IS in direct relationship to the reacting potency It is also shown that the skin- 
preparatory potency of the filtrates and the duration of the ensuing local reac- 
tivity are not modified by cellular anaphylactic sensitization (Arthus’ phenomenon) 
to animal proteins The exposure of tissues to the effect of certain soluble bacterial 
factors induces a high susceptibility to humoral toxic principles resulting from intra- 
vascular antigen-antibody interaction Author’s Summary 


The Neutralization Test in Poiiomyelitis J R Paul and J D Trask, 
J Exper Med 61 447, 1935 

The difference between two human and two passage strains of the virus of 
poliomyelitis when tested by this method amounted to about 25 per cent, and 
there was less power in normal adult serums to neutralize human than passage 
strains of virus The difference between the two human strains amounted to 
15 per cent, and that between the two passage strains to 8 per cent, the last figure 
falling within the limits of the experimental error of the method The extent 
to which these findings affect certain concepts with regard to the epidemiology 
of poliomyelitis based on neutralization experiments with passage strains cannot 
be determined from the data presented m this paper, except that they more or 
less confirm the view previously derived from such experiments that from 70 to 
95 per cent of normal urban adults possess in their blood a substance which 
neutralizes the virus in a given amount However, certain other indications 
appear when the present results are supplemented by those previously obtained 
(Paul and Trask / Expci Med 56 319, 1932, 59 513, 1933) Primarily the 
authors have lound no relation between the clinical acquisition of poliomyelitis 
and the presence of a substance in the serum which neutralizes a passage strain 
of the virus With a passage strain the results seem rather to bear a closer 
relationship to age than to illness With a human strain results have been 
obtained in which there is some evidence, shown only m the juvenile group that 

acquisition of the clinical disease is accompanied by the appearance of antiviral 
properties in the blood ttuuvuai 


From the Authors’ Summary 
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The Precipitin Reaction Between T\pe III Pneumococcus Polysaccharide 
AND THE Homologous Antibody-- M Heidelberger and F E Kendall, 
J Exper Med 61 559 and 563, 1935 

The precipitin reaction between the specific polysaccharide of Pneumococcus 
type III and the homologous antibody formed in the horse can be accounted for 
quantitatively by assuming the chemical combination of the components in a 
bimolecular reaction, followed by a series of competing bimolecular reactions 
which depend on the relative proportions of the components These reactions lead 
to the formation of larger and larger aggregates until precipitation ultimately 
occurs The mathematical formulation of this theory on the basis of the law of 
mass action (Guldberg and Waage) is described The derived expressions are 
shown to be m accord Yvith the exiienmental findings, and the constants used in 
these expressions are shown to have definite significance In spite of the wide 
variation m the properties of individual serums these expressions permit com- 
plete description of the behavior of an unknown serum with S III YVithout an 
unduly burdensome number of analj'ses The quantitative theory presented has 
been found applicable to other instances of the precipitin reaction, as will be 
shown in subsequent papers From the Authors’ Summary 


Local Dispersion of Infectious Agents as a Factor in Resistance F 
Duran-Reynals, J Exper Med 61 617, 1935 

Progressively decreasing quantities of bacteria of some twenty strains were 
utilized m experiments to determine the effect of dispensing the organisms in 
the rabbit’s skin through the agency of an extract of testicle or an invasive staphy- 
lococcus The same experiment was made Yvith six strains of filtrable viruses 
When the organisms introduced were above a certain number or quantity (the 
minimal effective concentration) the bacterial lesions were enhanced by spread- 
ing, on the other hand, when the number was less than this the lesions Yvere 
partially or totally suppressed The virulence and the minimal effective con- 
centration were observed to be in inverse relationship The lesions due to the 
filtrable viruses Yvere enhanced by spreading even Yvhen the quantity of virus 
approached the minimal infective dose This happened YYdiether the Yurus caused 
severe or slight lesions When Pneumococcus of the highly virulent t3-pe I Y\-as 
injected with the spreading factor into normal rabbits it jnelded enhanced lesions 
even at practically the minimal infective dose, but Yvhen the resistance of the 
animal Yvas raised Yvith specific antiserum the lesions Yvere totally suppressed 
OYving to the dispersion of the bacteria When such an experiment YY-as repeated 
with a filtrable virus, that of vaccinia, no suppression took place as a result of the 
dispersion of the infective agent From the Author’s Summary 

The Fixation and Protection of Viruses by the Cells of Susceptible 
Animals P Rous, P D McMaster and S S Hudack, J Exper Med 61 
657, 1935 

Methods Yvere developed for a studj-^ of the relations existing betYveen Y'lruses 
and living cells It was found that the virus of v-accinia and the Yurus causing the 
infectious fibroma of rabbits (Shope) rapidl}-^ become fixed on tissue cells freed 
as individuals and submitted to the viruses in suspension This happens Yvhether 
the cells are alive or have been killed with heat or ultraviolet rays The virus 
does not come aYvay during agitation of the cells with Tyrode solution and repeated 
washings YVith large amounts of it The exposure of cells carrying virus to 
neutralizing antiserum fails to affect the virus significantly if the cells are alive, 
Yvhereas if they are dead the activity of the virus is nullified Cells freed as 
individuals from tissue cultures of the virus of vaccinia and the Shope tumor carry 
these viruses in abundance through repeated Yvashmgs and if living protect them 
from the influence of neutralizing serum, Yvhereas killed cells exert no such pro- 
tection The findings appear to throYV light on the Yvay in Yvhich viruses gam a 
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foothold in the host, and they suggest reasons for the persistence of some viruses 
in animals that have recovered and for the unsatisfactory results of serum therapy 
instituted during the course of virus diseases The virus causing the Shope 
fibroma has been successfully maintained m cultures of the growth It is closely 
associated with the cells, almost none being present in the culture fluid Certain 
of its other attributes have been determined The virus of vaccinia greatly damages 
the cells of cultures of rabbit embryo in which it is under propagation 

From the Authors’ Summary 


The Type I Meningococcus Speciiic Substance H W Scherp and G Rake, 
J Exper Med 61 753, 1935 

This substance has been isolated and purified It appears to be a sodium salt of 
a polysaccharide acid From the Authors’ Summary 


The Formation of Agglutinins Within Lymph Nodes P D McMasifr and 
S S Hudack, J Exper Med 61 783, 1935 

Agglutinins are formed within the draining lymph nodes of mice following intra- 
dermal injections of killed cultures of micro-organisms 

From the Authors’ Summary 

Concentration op Antibodv in Immunf Serum John H H\nks, J Immunol 
28 95, 1935 

A gelatinized solution of antigen furnishes a practical means of determining 
the antibody content of both weak and strong antiserums The titer of as little as 
0 03 cc of serum can be determined by allowing an optimal amount of antigen to 
diffuse into increasing dilutions of the antiserums and reading the dilution in the 
last tube in which a ring is visible on the upper layer of the gelatinized antigen 

Elizabeth McBroom 


The Mechanism or thf Tuberculin Reaction J H Hanks, J Immunol 28 
105, 1935 

If a foreign protein (egg-white, horse serum) is injected into a tuberculous 
lesion of a guinea-pig or into an apparently normal testicle adjacent to an infected 
testicle there develops a specific cutaneous hypersensitiveness like that character- 
istic of the tuberculin reaction A possible approach to the mechanism of the 
tuberculin reaction is suggested by this variation in the type of response to a 
foreign protein of an animal receiving an injection of the protein at the site of a 
tuberculous lesion Elizabeth McBroom 


Hypersensitiveness and Immunity to Foreign Proteins 
Immunol 28 161, 1935 


F H Teale, J 


Hypersensitiveness is due to that state of the tissues in which they cannot deal 
with specific antigen even when it is completely saturated with the homologous 
antibody In immunity the tissues are increasingly capable of dealing with the 
antigen as the degree of immunity increases, the circulating antibody is of little 
moment The greater amount of circulating antibody is not tbe mam difference in 
the states of increasing immunity to the protein m question In order to produce 
passive hypersensitiveness definite amounts of antibody are necessary the amounts 
vary with the antigen against which the antibody is specific, again ’showing that 
the titer of the antibody m vitro is no exact measure of its effectiveness in the 
ody There is no special antibody causing hypersensitiveness, the antibodv 
seems to be related to the ordinary lytic or precipitating one These results again 
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show the preeminence of the state of the tissues in regard to immunity, of their 
capability of dealing effectively with the antigen, and the negligible part played 
by the circulating antibody as such From the Author’s Conclusions 


The Photodynamic ErrEcr or METii\icNr Blue on Tetanus Tomn K M 
Lippert, J Immunol 28 193, 1935 

The toxic properties in a filtered broth culture of Clostridium tetani are rapidly 
diminished by the photodynamic action of methylthionine chloride (methylene blue) 
111 certain concentrations The inactivation of the tetanus toxin in the presence of 
dilute solutions of methylthionine chloride is more marked after exposure of the 
mixture to light for one hour than after shorter intenals of time The antigenic 
property could not be demonstrated in tetanus toxin after partial destruction of 
Its toxicity by exposure to light in the presence of dilute solutions of methylthionine 
chloride An optimum concentration of this drug for the inactivation of the 
toxin by light is demonstrated In the concentration used it does not inhibit tlie 
effect of the toxin in vivo From tiil Author’s Summary 


A Quantitative Study oi Serum Precipitin ix Axapiiiiams in the Rabbit 
C Jackson, J Immunol 28 225, 1935 

A high titer of precipitin for ovalbumin is not a guarantee that an animal can 
be fatallj”^ shocked by an injection of ovalbumin The amount of ovalbumin neces- 
sarj’^ to produce shock does not bear a constant relationship to the titer of the 
precipitin The highest percentage of deaths from shock occurred among female 
rabbits, the majority of these being pregnant at the time of the experiment 

Elizabeth AIcBroom 

Are Antibody Actions Due TO Separate Antibodies ' F H Teall, J Immunol 
28 241, 1935 

Different manifestations of antibody activity are not due to the activity of the 
same immune substance acting differentl}' under different physical conditions, etc , 
but are due to the activity of different antibodies This can be shown by the 
difference in their development, b}' the observation that in some cases the agglutinin 
can be adsorbed, leaving the protective power of the antiserum intact, and by 
the fact that heat at 65 C destrovs the protective power and leaves the agglutinin 
uninjured Attention has also been drawn to the fact that a serum may have a 
high titer of agglutinin and yet have no protective power and vuce versa 


The Role or Precipitin in the Remov'al of Intravekouslv Intected Antigen 
J T Culbertson, J Immunol 28 279, 1935 

Rabbits immunized against horse serum can dispose of horse serum injected 
intravenously more readily than can normal rabbits Immune rabbits with circulat- 
ing precipitin are somewhat better able to dispose of horse serum injected 
intravenously than are immune rabbits which have been permitted to rest until 
circulating precipitin has disappeared Crystallized egg albumin injected intra- 
venously in small amounts into specifically immunized rabbits cannot be detected 
in the circulation after its injection The precipitin content of the serum of these 
animals is diminished following the injection of the antigen into the blood stream 
It appears likely that the antibody both in the circulation and in the fixed tissues 
unites with the antigen introduced into the circulation The quantity of antibody 
immediately available for such union is evidently much less in the fixed tissues than 
m the blood, the amount m the tissues being usually not over 25 to 50 per cent 
of that in the blood When an amount of antigen significantly greater (by from 
25 to 50 per cent) than that calculated to neutralize the circulating antibody is 
introduced all of the immediatelj^ available antibodj is remov^ed from the circulation 
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and from the fixed tissues and antigen can be detected in the blood The amount 
of circulating precipitin against crystallized egg albumin is not significantly altered 
by the injection of numerous nonspecific substances into the circulation 

From the Author’s Conclusions 


An Immunological Study of the Effects of Intense Sound Vibrations on 
Egg Albumin E W Flosdorf and L A Chambfrs, J Immunol 28 297, 
1935 

The coagulum produced by sonic irradiation of a solution of egg albumin has 
a much decreased antigenic activity and an altered specificity The altered spe- 
cificity of the coagulum is similar to the specificity of albumin denatured in other 
ways The soluble fraction remaining after sonic irradiation is unaltered immuno- 
logically Prolonged irradiation increases the amount of coagulum produced and 
then redisperses it into an opalescent sol of the same altered serologic specificity 
Very prolonged irradiation decreases the amounts of both serologically native and 
altered proteins Excellent agreement with lespect both to antigenic activity and 
specificity was obser\ed in the results with the Arthus phenomenon, the intradermal 
tests and the precipitin reactions In some cases the intradermal test was some- 
what more delicate than the precipitin reaction 

From the Authors’ Summary 


The Flaring Up of Injection Sites in Allergic Guinea Pigs L Diexes and 
F a Simon, J Immunol 28 321, 1935 

In a gumea-pig that has been given an intracutaneous injection of human serum 
or turtle egg a flare-up at the site of injection can often be observed after a few 
days This occurs at the time when skin sensiti\eness begins to develop, usually 
on the fourth to sixth days Both the flare at the original site and the skin test 
at this time are purely of the delayed type, and anaphylactic shock cannot be pro- 
duced 111 the gumea-pig In the reacting flare about the original site of inoculation 
the tissues show infiltration with mononuclear cells, which is characteristic also 
of the delayed type of skin reaction It is pointed out that the developing allergy 
probably plays a role in the development of specific tissue reactions m the lesions of 


certain infectious diseases 


From the Authors’ Summary 


The Individual as a Factor in Antidiphthlria Immunity J M Neill, 
J Y Sugg and L V Richardson, J Immunol 28 363 and 385, 1935 

The investigation is essentially an analysis of the antitoxin titers of the serums 
of a large number of guinea-pigs immunized by different methods and bled at six 
month intervals between the first and the third year following the last injection 
The data indicate that the individual animal is a more important factor than the 
method of immunization in determining the titer of antitoxin at times remote 
from the last injection Examples are given of the wide differences in individual 
guinea-pigs in respect to their loss of antitoxin Some of the animals had such a 
marked capacity to maintain their immunity that their titers appeared approxi- 
mately “level” over long periods , the time at which this “level” was reached and 
the height at which it was maintained appeared to be as much a characteristic of the 
individual guinea-pig as of the method of immunization 

From the Authors’ Summary 


The Spontaneous Occurrence of Brucella Agglutinins in Dogs W H 
Feldman, F C Mann and C Olson Jr, J Infect Dis 56 55, 1935 

By agglutination tests agglutinins of Brucella were found to be present in the 
B rum „t 52, or 10 4 per cent, of 500 dogs obtamed as adult, from rurTeuvmou- 
Serums from 15 of the reactor, farted to give agglutination of the antigens 
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in dilutions greater than 1 12, whereas serums of 33, or 6 6 per cent, ga\e positive 
reactions in dilutions of 1 25 or greater Serums of only 5 of the animals showed 
agglutination in dilutions of 1 100 or greater Attempts were made to isolate 
Brucella abortus by inoculation of guinea-pigs with emulsions of tissues from 14 
of the reacting animals , the results were negative Dissemination of the infection 
from dogs with agglutinins against Brucella by cohabitation with normal dogs 
failed None of the dogs with agglutinins against Brucella exhibited symptoms 
indicative of specific infection, and in none whose bodies were examined at necropsi 
was there pathologic evidence of disease due to Br abortus A study was made 
of the possible cross-agglutinability of Br abortus and Bacillus bronchisepticus 
Dogs and rabbits were utilized Cross-agglutination of significant degree did 
not occur From the Authors’ Summary 

Antigenic Characteristics in M\n or Certain Products or the Pneumo- 
coccus L D Felton, W D Sutlitt and B F Steele, J Infect Dis 
56 101, 1935 

Certain fractions of the pneumococcus, treated under various conditions, produce 
in the human being a protective antibodj' response comparable m degree to that 
obtained with vaccine However, the response to the various antigenic fractions 
differs from that to type I and type II vaccines to this extent While the response 
to type I vaccine is largely homologous and that to type II vaccine only moderate!} 
heterologous, the response to the various fractions, though in different degrees 
IS much more heterologous 


Tumors 

The Schubert-Dannmeyer Test for Cancer E R Holiday and F C Smith, 
Am J Cancer 23 339, 1935 

A study of the diagnostic test for cancer devised by Dannmeyer, Schubert and 
Treplin is described Forty-seven cases of cancer and forty-six control cases ha\e 
been investigated Dannmeyer’s claim to a diagnostic accuracy of 95 per cent 
cannot be confirmed, though a certain degree of specificity seems indicated The 
test in Its present form is insufficiently reliable and too complicated for regular 
clinical use From the Authors’ Summarv 

The Action of 1 2 5 6-Dibenzanthracene on Obeiia Geniculata S P 
Reimann and F S Hammett, Am J Cancer 23 343, 1935 

Observations made on the development of Obeha geniculata in cultures in sea 
water containing 1 2 5 6-dibenzanthracene to approximate saturation and in 
control cultures in plain sea water and in sea water plus an equivalent amount of 
solvent for the test compound, show that the substance increases the proliferation 
of this organism From the Authors’ Summar\ 


Retroperitoneal Xanthogranuloma C Oberling, Am J Cancer 23 477, 1935 

Xanthogranuloma consists of inflammatory tissue infiltrated more or less exten- 
sively by foam cells containing cholesterol ester, cholesterol and neutral fats The 
abundant proliferation of histiocytic or fibrocytic elements m some areas suggests 
a true tumor process, but xanthogranuloma is to be distinguished from xanthoma 
and xanthosarcoma by its histologic polymorphism which, on the whole, is that 
of an inflammation and not that of a tumor Xanthogranuloma forms the anatomic 
substratum of Hand-Rowland (Schuller-Christian) disease, but it may also be 
observed other than in this condition, in various regions of the body A character- 
istic localization appears to be that in the retroperitoneal space, where the xantho- 
granuloma may extend widely and simulate a tumor of considerable size Three 
such cases are described together with the cases previously published in the 
literature From the Author’s Summarv 
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Cojs^ditions Induced b\ Oestrogenic Compounds in the Coagulating Gland 
AND Prostate of the Mouse H Burrows, Am J Cancer 23 4W, lyjo 

The prolonged administration of estrin to mice causes hyperplasia and meta- 
plasia in the prostate The prostate undergoes similar changes m children before 
birth, presumably under the influence of estnn derived from the placenta Both 
m mice and in new-born children the prostatic changes thus induced are completely 
reversible, restitution to the normal state following a cessation of the supply of 
estrin The changes found in benign enlargement of the human prostate in advanced 
life resemble m character and situation those observed in mice under the influence 
of estrin and in new-born babies The question is discussed whether the benign 
enlargement of the prostate in elderly men may be due to the action of estrogenic 
hormones and may be a reversible condition 

From the Author’s Conclusions 

Extramedullary Plasma-Cell Tumors of the Upper Air Passages W L 
Mattick and A A Thibaudeau, Am J Cancer 23 513, 1935 

A case of plasma cell tumors apparently neoplastic occurring simultaneously in 
the nasopharynx and hypopharynx, is described In the nineteen instances pre- 
viously reported by other observers the plasma-cell tumor has been variously 
interpreted as granulomatous, inflammatory, benign or malignant The details of 
these cases are presented in tabular form The occurrence of polypoid growth of 
single or multiple nature m the upper air passages with a history of long duration 
should arouse suspicion of a plasma cell tumor The use of the x-rays aids in 
diagnosis It is believed that the tumors reported are unusual and dissimilar from 
most of the tumors previously reported in that they are definitely neoplastic 

From the Authors’ Summary 


Granulosa-Cell Tumors of the Ovar\ H C Thornton, Am J Cancer 
23 522, 1935 

A case of granulosa cell tumors in a 63 year old woman six years past the 
menopause is described There was a history of vaginal bleeding beginning about 
one year after the cessation of menstrual bleeding and continuing intermittently 
for four years, then becoming almost continuous for about a year Examination 
revealed a large uterus and a movable pelvic mass At operation a right ovarian 
tumor 6 cm in diameter, the right tube and the body of the uterus were removed 
The ovarian tumor proved to be a typical granulosa cell tumor showing folliculoid, 
cylindromatous and diffuse areas The histologic structure was predominantly 
cylindromatous Grossly, the tumor was practically solid, showing only a few 
small cysts The uterus was greatly hypertrophied, and the endometrium showed 
marked glandular-cystic h>perplasia There was also an adenomyoma of the 
uterus The urine collected over a period of thirty-one hours, beginning twenty- 
four hours after the operation, was shown to contain folhculm The diagnosis of 
granulosa cell tumor in this case rests on the morphologic characteristics of the 
tumor, the evidence of follicular hormone activity in a woman six years past the 
menopause presented by the large uterus, hyperplastic endometrium and history of 
uterine bleeding, and the demonstration of folhculm in the urine 

From the Author’s Summary 


Effect of Goitfr-Producing Diets on the Growth 
AND Melanoma in Aniaials K Sugiura and S R 
23 541, 1935 


OF Carcinoma, Sarcoma 
Benedict, Am J Cancer 


In all groups of animals fed on a goitrogenous diet or the <;aine . 

added iodine (80, 8,^0 or 800,000 y per hundred grams of food) the rate of tumor 
growth was slow This was probably due to the imoairment + 1 , i ui r , 
animals produced by the faulty diet irrespective of the iodine content The pe^ 
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centage of tumor takes and tumor regressions was found to var}”- sigmficantb’’ with 
variation of the iodine content of the diets The lowest number of takes and the 
greatest number of tumor regressions occurred m those animals receiving a normal 
amount of iodine, while animals on either high iodine or low iodine diets showed 
a high percentage of takes and a low percentage of regressions Prolonged feed- 
ing of the high iodine diets (the animals were fed a normal, well balanced diet 
containing excessive amounts of potassium iodide) had no therapeutic effect on 
the growth of Flexner-Jobhng rat carcinoma, mouse sarcoma 180 and Pasej' mouse 
melanoma From the Authors’ Sumjiary 

Th\roid Adenoima in Experimental Animats C A Hellmig, Am J Cancer 
23 550, 1935 

For the first time m North America thyroid adenomas have been observed in 
white rats receiving a calcium-rich goitrogenous diet Tlnroid nodules originate 
not from fetal rests, but from differentiated thyroid epithelium They are due to 
the same stimulus which causes diffuse h 3 'perplasia Thvroid nodules, after reach- 
ing a certain size, show all the characteristics of tiue adenomas They represent 
an intermediate stage between hyperplasia and malignant tumor 

From the Author’s Summar\ 


Adamantinomas or the H\POPn\srAi St\lk and Sphenoid Bone H Zeit- 
LiN, Am J Cancer 23 729, 1935 

Tumors of the hypophyseal stalk arise from a definite location but maj show 
histologic differences They may piescnt a typical arrangement of the epithelial 
elements and then are usually classified as adamantinoma, some maj present 
atypical enamel formation , others display evidence of malignancy Cystic degener- 
ation is usually a predominant histologic feature Clinically the foregoing types 
cannot be differentiated, but a general diagnosis of an extrahypophj seal tumor 

can be made From the Author’s Conclusion 


Entdifferentiation in Bronchogenic Carcinoma P C Samson, Am J 
Cancer 23 741, 1935 

In a review of microscopic entdifferentiation m thirtv-four cases of primar} 
bronchogenic carcinoma it has been shown that it is possible to arrange these 
cases in a series with progressive gradations from the most highty differentiated 
types to those showing extreme entdifferentiation In the arrangement of the series 
three fundamental neoplastic cell types ha\e been used the columnar cell (adeno- 
carcinoma), the squamous cell and the undifferentiated cell carcinoma When the 
columnar cell and squamous cell carcinomas are arranged in separate series as to 
progressive entdifferentiation they approach a common type in which it is no longer 
possible to distinguish the parent cell Below this level of differentiation the 
histologic picture closely resembles that of sarcoma Cell tvpe m bronchogenic 
carcinoma depends on the kind and degree of differentiation attained, and not on 
the level of origin m the respiratory tract For each of the twenty cases not 
previously reported a brief description of cell type and extent of metastasis has 
been given From the Author’s Suatmary 

The Relation or Cell T\pe to Metastasis in Bronchogenic Carcinoma 
P C Samson, Am J Cancer 23 754, 1935 

A survey was made of 100 cases of bionchogenic carcinoma in which there 
were complete autopsies with adequate microscopic control These were classified 
as to cell type and 51 per cent were found to exemplify columnar cell (adenocarci- 
noma), 30 per cent squamous cell and 19 per cent undifferentiated cell carcinoma 
A comparison of the reported metastases m the three groups was made by the 
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method of coefficients of association, and it was found that each group presented 
certain geneial characteristics Adenocarcinoma showed a strong tendency to 
involve the central nervous system, adrenals, kidneys, both lungs and to some 
extent the liver This is best explained on the basis of predominant hematogenous 
metastasis, with involvement also of the thoracic and abdominal lymph nodes 
Squamous cell carcinoma showed a marked tendency to local extension rather than 
to widespread metastasis, involving the pericardium and bronchial lymph nodes 
to some extent In 24 per cent of the cases of squamous cell carcinoma no pul- 
monary metastases were found Because of the tendency to local extension this 
group would appear to offer the best prognosis for radical removal Judged from 
the type of organ invoUed, the small cell carcinoma showed little tendency to 
hematogenous metastasis The neoplasms in this group showed extensive lymphog- 
enous metastases, however, associated with involvement of the pancreas, liver and 
spleen Because of the differences m the tj'pe and extent of growth and of 
metastases, knowledge of the cell type and of the degree of differentiation can be 
of aid to the clinician in determining the most advisable course of treatment 
Such knowledge should obviously be used m conjunction with the physical exam- 
ination, history and roentgenographic study paoM the Author’s Summary 

A GriOMA IN A Dog and a Pincalom\ in a Silver Fox (Vulpes Fulvus) 
C F Sciilottiiauer and J W Kernoiian, Am J Cancer 24 350, 1935 

Growth-Promoting and Growth-Inhibiting Substances prom Normal 
Organs J Maisin and Y Pourbaix, Am J Cancer 24 357, 1935 

The tissues of the liver, pancreas and intestinal mucosa promote growth of 
cancer m tarred mice The brains, thymus, bone marrow, dried gastric mucosa 
and dried lymph nodes exert an mhibitive action on the development of tar cancer 
The same organ — brain, for example — may contain both growth-inhibiting and 
growth-promoting factors The growth-promoting substances are for the most 
part soluble in water at pn 7 and 8 4 and are relatively insoluble in ether, being 
extracted by the latter solvent m only small quantities, with the exception of 
cholesterol The growth-inhibiting substances are soluble in ether or are removed 
by it They are relatively insoluble in acetone, the soluble portion being precipi- 
tated by calcium The antianemic factor added to the diet in pure form has no 
influence on growth of tar cancer From the Authors’ Conclusions 


The FIormon-il Origin or Uterine Fibroids An Hipotiiesis J T Wither- 
spoon, Am J Cancer 24 402, 1935 

Pathologic and clinical evidence is offered to support a hypothesis that there 
exists a cause and effect relationship between the unopposed and persistent action 
of the estrogenic principle produced by multiple follicular cysts of the ovaries on 
the uterine endometrium and myometrium and the production of immediate endo- 
metrial hyperplasia and (provided the stimulation is sufficiently prolonged) more 
latent uterine fibroids Since this estrogenic principle affects the genital tract 
as a whole and also controls the development of the mammary glands it appears 
that this same hormonal stimulation is the factor initiating endometrioma and 
fibro-adenoma of the breast a , ^ 

X ROM THE Author s Conclusions 

Htperproteinemia in Multiple Mveioma Alvin G Foord, Ann Int Med 

V iO/ if i^o«? 

In four cases of multiple myeloma, profound autohemagglutmation of the red 
ce ls occurred in dry and wet films, and difficulty was encountered in counting 
erythrocytes in two cases because of granule formation in the pipet Hvpernro 
teiiiemia was proved to be present in three cases and was apparLtly preLnt in 
th, fourth, and seemed to be the cause of these abnormal phenomena “La" 
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insufficiency apparently resulted from plugging of the glomerular capillaries by 
inspissated protein and possibly by the clumping of erythrocytes or changes m 
osmotic pressure due to the increased protein Intravascular clumping was dem- 
onstrated during life by ophthalmoscopic examination of the retinal veins m one 
case when pressure sufficient to slow down the circulation was applied externally 
on the eyeball Prolonged uncontrollable bleeding and clotting time and increased 
calcium content of the serum with little change m the platelet count occurred in 
two cases The findings of marked rouleaux formation m the smears m two of 
the cases led to procedures finally indicating the diagnosis of multiple myeloma 
Multiple myeloma with resultant renal abnormalities should be suspected in cases 
of atypical nephritis From Author’s Summary (Frank R Menne) 

Lipoma or Intestine J D Kirschbaum, Ann Surg 101 726, 1935 

In 5,754 autopsies lipoma of the intestine was found 9 times In 7 of these 
cases the lipoma measured from 1 to 3 cm m diameter, m 1 case it became 
detached and caused obstruction of the ileum, m the remaining case the lipoma 
caused intussusception of the lower part of the ileum into the cecum 


Origin and Nature of Pigmented Nevi (Schwannomas) S W Becker, Arch 
Dermat & Syph 30 779, 1934 

Examination of several hundred pigmented nevi by modern histologic methods 
showed that they consisted of one or two types or a combination of both types 
The first type is strictly cellular and results from the multiplication of the clear 
cells m the epidermis with or without penetration into the dermis, the second 
type IS of nerve origin and is deeper, with structures which often simulate those 
of tactile corpuscles The use of the term “schwannoma,” as suggested by Masson, 
is not illogical, although more ivork must be done before the origin of clear cells 
and of nevi from the sheath of Schwann can be proved The term “nevus” and 
“nevoid” are ambiguous and could be replaced by the term “prenatal” without 
losing any of their significance t^he Author’s Summary 

Leukemic Sinus Reticulosis (Monocytic Leukemia) R B Haimng, 
S Kimball and O W Janes, Arch Int Med 55 574, 1935 

The venous sinuses of the spleen and of the bone marrow and the lymph sinuses 
of the spleen and of the lymph glands probably are lined by differentiated reticular 
cells These cells are similar to the Kupffer cells of the liver Like the Kupffer 
cells, they are entirely different from the endothelial cells lining the ordinary blood 
and lymph channels The term “reticulo-endothehosis” applied to monocytic 
leukemia does not elucidate the fact that the endothelial cells lining the ordinary 
blood and lymph vessels have nothing to do with the process Neither does it 
attempt to distinguish between true reticulum and sinus reticulum (reticulo-endo- 
thehum) Monocytic leukemia is probably a sinus reticulosis, whereas myeloid 
and lymphoid leukemia are probably true reticuloses There are good grounds 
for the conception that leukemia is a malignant neoplastic process Malignant 
processes and neoplasia are closely associated m our minds \vith infiltration and 
with tumor formation Specific localization with tumor formation is apparentl}" 
infrequent m leukemic sinus reticulosis (monocytic leukemia) A case is recorded 
of acute monocytic leukemia m a young woman with localized mucosal and sub- 
mucosal reticulosis in the rectal wall which assumed the proportions of a tumor 
The tumor produced complete intestinal obstruction, clinically, the case exactly 
simulated carcinoma of the rectum with intestinal obstruction 

From the Authors’ Summary 
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Pathology of Vaginitis Due to Trichomonas John F Kessei and James 

A G afford Jr 

Seventy cases of vaginitis in which the classic clinical symptoms of vaginitis due 
to Trichomonas were exhibited and the flagellate Trichomonas vaginalis was reco\- 
ered were observed in this studv Clinically, the walls of the vagina were usually 
found to be injected and tender, piesenting m some instances hyperemia and often 
minute points of hemorrhage In the more advanced cases granular areas were 
prominent Sections of biopsy material taken from these hemorrhagic and granular 
areas m forty cases were studied with special reference to the tissue changes and 
the presence or absence of the tnehomonads in the lesions 

The surface in some areas was covered with coagulated material in which 
tnehomonads, white cells and red cells were commonly found The surface 
epithelium was usually intact but in certain areas showed erosion, with flagellates 
between the cells Areas of hemorrhage were also occasionally observed to break 
through the surface epithelium 

In the mucosa were areas of infiltration containing collections of lymphocytes, 
a few polymorphonuclears and an occasional plasma cell These areas showed 
increased vascularity and hemorrhage and extended in some instances through 
the surface epithelium At times definite necrosis occurred within these areas 
Usually it was not possible to find tnehomonads m the areas of early infiltration, 
while in the definitely necrotic regions flagellates were present, and in one case 
in which the epithelium was entirely eroded they were found in the deeper non- 
necrotic tissues 

These observations indicate that the pathologic changes are not brought about 
by simple invasion of the flagellates from the mucosal surface, but that some other 
mechanism, either toxic or bacterial, is responsible for the primary change of 
tissue, or that the flagellate is conveyed by the blood stream to the areas of infiltra- 
tion and ultimate necrosis 


Bacteriologic studies of the vaginal exudate from thirty of the patients with 
vaginitis and of the secretion from twelve normal persons showed streptococci of 
the alpha type and also diphtheroids to be present in the secretions of the majority 
of the normal persons, as well as in the exudates from patients with trichomonad 
vaginitis Acidunc bacteria, presumably of the Doderlein type, were found less 
frequently in the patients with vaginitis than in the normal persons Gram-negative 
rods of the colon bacillus type were found in 25 per cent of the cases 

Transplanting exudate containing both T vaginalis and bacteria from patients 
with vaginitis to three normal volunteers has resulted in the occurrence of typical 
symptoms and m recovering Trichomonas from all of the volunteers Implanting 
cultures of T vaginalis and the bacteria with which they grew also produced typical 
symptoms in two of the three volunteers In one, the bacteria alone produced mild 
symptoms of vaginitis 


Attempts to establish Trichomonas of the human intestine in the human vaeina 
have met with negative results Attempts to establish T vaginalis in the intestinal 
tracts of kittens have been ^ptne, although Trichomonas intestinahs of man may 
be transmitted to kittens These observations support the theory that the tricho^ 
monads of the vagina and the tnehomonads of the intestine are distinct specils 
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Tetany in a Six Week Old Infant C M Haland 

A 6 week old boy with a history of convulsions that started when he was approxi- 
mately 5 weeks of age was admitted Jan 21, and died Jan 25, 1935 Birth had been 
normal with a gestation period of eight months The weight at birth was 8 pounds 
and 2 ounces (3,685 4 Gm ) The infant was breast fed for the first month and 
progressed normally for about five weeks, until the convulsions started The 
convulsions were described by the parents as follows The child would shake 
violently and draw up all extremities, and in the intervals would sleep deeply 
The convulsions occurred only in the evening hours The family history was not 
relative Four other children were alive and well 

The patient appeared phjsicallv normal except that the head had a peculiar 
feel interpreted as that of craniotabes The tuberculin test was negative The 
blood showed hemoglobin, 66 per cent , red blood cells, 3,010 000 , white blood 
cells, 10,600 , polymorphonuclears, 27 per cent , lymphocytes, 55 per cent , monocytes, 
14 per cent, eosinophils, 2 per cent, proni} clocytes, 2 per cent The spinal fluid 
had a trace of globulin but was normal otherwise The blood calcium was 6 8 mg 
per hundred cubic centimeters of serum and the blood phosphorus 7 6 mg per 
hundred cubic centimeters of whole blood X-raj pictures of the head and wrists 
revealed nothing of importance 

While the boy was m the hospital, many com ulsions were noted and he was 
given 10 Gm of calcium chloride daily, with considerable symptomatic relief The 
convulsions became much less severe but did not entirclv cease 

The convulsions were not typical of tetanv as carpopedal spasm was not 
observed Howecer, the condition was regarded as tetanv associated with rickets 
regardless of the negative roentgen report While there was improvement following 
calcium therapy the course continued to be downhill, and the child died four days 
after admission 

The only gross pathologic observations at autopsy were acute follicular colitis 
of a minor degree, hyperplasia of the mesenteric lymph glands and acute hyperplasia 
of the spleen The brain was normal The craniotabes thought to be present was 
not verified by autopsy or by x-ray picture 

Microscopic examination showed no irregularity of the zone of ossification in 
the costochondral and costospinal icgions The primary and secondary zones of 
ossification uere normal The organs of the neck were remoced cii and 

multiple serial sections were made of the thcroid and of the thvroid portion of the 
trachea In all, 1,500 sections were examined for the presence of parathyroid 
bodies, and two such bodies were recognized, a larger one embedded in the thyroid 
gland, measuring 250 microns in greatest diameter, and a smaller one embedded in 
the tissue surrounding the trachea, measuring 50 microns m greatest diameter 
The former appeared normal, but the smaller one showed marked vacuolation 
of the cells 

The features supporting the view that the spasmodic attacks and death were 
of the nature of tetanj^ due to parathyroid aplasia are (1) the extremely small 
amount of parathvroid tissue compared with the normal , (2) the absence of any 
other recognized causes of tetany, including rickets, which was ruled out bj micro- 
scopic examination of the bones , (3) the abnormally low blood calcium and high 
blood phosphorus, and (4) the svmptomatic relief following the administration 
of calcium 

Tetany due to aplasia or absence of parathyroid tissue is unusual, and it is for 
this reason that the case is presented 

Pathogenesis and Pathologic Aspects or Otogenous Intracranial Lesions 
Caril B Courvilie and J M Nielsen 

Many problems concerned with the intracranial extension of infection in the 
middle ear and mastoid are as yet unsolved With some of these problems in 
mind, we reviewed the records of 10,000 consecutive autopsies There were 51 
instances of otogenous dural infection (2 of chromcallv thickened dura, 19 of 
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extradural abscess, 6 of pachymeningitis, 17 of subdural abscess and 7 of dural 
fistula), 69 instances of thrombosis of venous channels (35 of the lateral sinus, 
9 of the cavernous sinus, 8 of the superior longitudinal sinus, 4 of the superior 
petrosal sinus, 3 of the inferior petrosal sinus and 10 of cerebral veins), 128 
instances of septic meningitis (89 primary and 39 secondary), and 35 instances of 
encephalic abscess (17 of the temporal lobe, 12 of the cerebellum, 3 of the parietal 
lobe and 3 of the frontal lobe) The 283 lesions were found in 167 cases The 
incidence and description of the various lesions we have reported in other con- 
tributions (Courville, C B, and Nielsen, J M Atch Otolaiyug 19 451, 1934, 
Acta oto-laiyng 21 19, 1934, Aich Sutg 30 930, 1935) 

One interesting aspect of the complications of otitis media is the seasonal varia- 
tion in their incidence For example, in the fiscal year 1929-1930, in 859 autopsies, 
complications of otitis were found in 63 (7 3 per cent), 32 (51 per cent) being 
extracranial and 31 (49 per cent) intracranial Reports of only 4 cases of throm- 
bosis of venous channels were found In 1932-1933, m 1,414 autopsies, complications 
of otitis media were found in 109 (7 8 per cent), 67 (61 per cent) being extracranial 
and 42 (39 per cent) intracranial There were reports of 15 cases of thrombosis 
of venous channels in this year, almost four times as many instances m less than 
twice the number of autopsies 

One indication of an extension of infection to the cerebrum is jacksoman seizures 
usually of the opposite arm and side of the face, at times followed by weakness 
or actual paralysis of the affected members This syndrome is particularly frequent 
m children (Courville, C B , and Nielsen, J M Am J Dis Child! cn 49 1, 1935) 
In older persons these symptoms frequently follow thrombosis of the lateral sinus 
The cerebral lesion is located in the region of the central sulcus and may be a tem- 
porary local ischemia and edema, actual softening or an abscess When these 
symptoms precede those indicative of meningitis, it is likely that the meningeal 
infection began m this region Since m a number of cases these symptoms folloiv 
thrombosis of the lateral sinus, it is likely that thev are due to retrograde extension 
along the inferior communicating \em (anastomotic vein of Labbe) to the central 
region It is furthermore likely that retrograde extension along the communicating 
system of venous channels accounts for the location of abscesses in the frontal, 
parietal and occipital lobes, rather than metastasis via the general circulation, eien 
though these channels are not grossly occluded 

The possibility of the development of a subdural abscess secondary to otitis 
media is coming to be more widely recognized In this series of autopsies 17 cases 
of otogenous subdural abscess were found These may be due (1) to direct spread 
of infection by contiguity through bone and dura into either the middle or the 
posterior fossa, (2) to retrograde extension along venous channels or (3) to spon- 
taneous or traumatic rupture of an encephalic abscess in the subdural space Only 
when subdural collections of pus become large and when they are uncomplicated 
with other lesions do they constitute a diagnostic and therapeutic problem 

More study needs to be given to the pathogenesis of abscess of the brain 
Three anatomic types have been described (1) the small, heavily encapsulated 
abscess, (2) the larger circumscribed abscess with thin capsule and (3) the diffuse 
abscess (suppurative encephalitis) Any of these three types may occur m the 
cerebellar white substance as well, and, m addition, small or large interfoliar 
abscesses may occur One type of abscess is largely preventable— -the postoperative 
or so-called traumatic abscess In this case the exploring needle has made its 
approach through an infected field and carried the infection into the brain Such 
a lesion is to be thought of when symptom^ of an abscess arise shortly after an 


Mixed Tumor of Fuxdus Uteri Alvin G Foord 

Twenty-three cases of mixed tumors of the body of the uterus inrludmD- 



954 


ARCHIVES OF PATHOLOGY 


have shown glands, cartilage or rarely other structures such as bone, fat or 
nerve tissue The following case was clinicall}" and pathologically similar to most 
of the cases reported in that the tumor occurred in a woman past the menopause, 
was a polypoid growth, recurred soon after removal, did not respond to radiation, 
and was formed m the greater part of embryonic striated muscle 

A woman, aged 59, the mother of four children, four years past the menopause 
consulted her physician for uterine bleeding of about three weeks’ duration Just 
before admission to the hospital she suffered labor-like pains in the pelvis The 
uterus was moderately diffusely enlarged From a markedly dilated external os a 
large soft polypoid growth with a necrotic tip protruded The uterus above the 
portio vaginalis cervicis was removed the following day The pelvic lymph nodes 
and the tubes and ovaries were free from change The uterus was symmetrical 
and measured 11 by 9 by 6 cm The endometrial cavity was dilated and filled by 
a tumor mass 10 by 9 by 7 cm , which arose, by a narrow pedicle about 1 5 cm 
across, from the midportion of the posterior wall of the fundus Cut surfaces 
showed no gross extension into the thinned musculature of the fundus The surfaces 
were soft, glistening white and homogeneous except for a few areas of hemorrhage 
or necrosis, chiefly in the distal end 

Microscopically, large areas of the tumor were composed of edematous myxoma- 
tous tissue and others of interlacing spindle cells with little or no intercellular 
matrix Most of these cells contained hj'perchromatic nuclei, and mitoses were 
frequent In sections stained with hematoxylin and eosin, and especially in those 
prepared with iron-hematoxylin stains, cross-striations of some of the cells could 
be seen In addition, many huge cells were found with single or multiple nuclei, 
in many of these, interlacing small fibers showing cross-striations were prominent , 
in some, only a highly eosinophilic granular cytoplasm was found Strewn through- 
out part of the tumor were small nests of hyaline cartilage and gland groups or 
single bizarre glands composed of cells differing moderately in size and shape and 
showing hyperchromatic nuclei These had no connection with the endometrium 
Invasion of the uterine muscle was found m the base of the tumor 

A recurrence of the tumor occurred within three months, and w’hen the patient 
was seen five months after operation, a large mass was palpable above the pubic 
brim Treatment with x-rays of high voltage m large doses w'as given for six 
weeks with no response The patient died seven months after first being seen 

At autopsy a huge tumor, 21 by 17 by 16 cm , filled the entire pelvis, and a 
continuation extended nearly to the umbilicus There w'cre metastases in the iliac 
and periaortic and penpancreatic lymph nodes and a few implants on the visceral 
peritoneum, but there w^as no involvement of the lungs or liver Four small nodules 
were found m the thyroid Microscopicall}’-, the metastases were entirely rhab- 
domyosarcomatous No cartilage or glands were seen Spindle cells with and 
without striations, similar to those m the original growth, were abundant Thev 
apparently represented embryonic striped muscle cells too immature to show 
striations 
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Ayerza’s Disease D R Coman 

A white woman, aged 35 years, entered the Hospital of the University of Penn- 
sylvania on April 20, 1935 In 1927, eight days after appendectomy and right 
oophorectomy, she contracted pneumonia and never thereafter entirely regained 
health She complained of pain in the back, which had persisted for some time, and 
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of a sore throat In December 1934 she had had a cold, and since that illness she had 
noted progressive somnolence, dj'spnea and headaches Ihe blood pressure was 130 
systolic and 90 diastolic, the erythrocyte count was 8,120,000 with hemoglobin 124 
per cent, and the leukoc 3 de count was 7,500 The heart was enlarged, and a rough 
systolic murmur was heard over the pulmonary area 

The patient rapidly became worse, dyspnea increasing and tiie blood pressure 
falling On May 3 paralysis of both legs with loss of pain and touch sensation 
developed, and death occurred within a short time 

At autopsy the body was that of an obese white woman of plethoric habitus, 
weighing 65 Kg and measuring 160 cm in length 

The heart weighed 390 Gm The right auricle was greativ dilated and engorged 
with blood The walls of the right and left ventricles were of equal thickness, 
1 3 cm , and the apex was formed by the right ventricle The aortic valve was of 
the bicuspid type, and the cusps contained calcific plaques 

The aorta was apparently smaller than normal, as were its mam branches It 
presented yellow intimal thickenings, but no definite gross signs of syphilis Just 
distal to the origin of the left subclavian artery, the aorta presented a constriction 
which barely permitted the little finger to enter its lumen The pulmonary artery 
presented several calcareous plaques just above the valvular cusps 

The lungs were partially collapsed They had emphysematous borders and a 
subcrepitant doughy consistency Cut surfaces exposed very prominent vascular 
structures The smaller and medium-sized ramifications of the pulmonary arteries 
stood elevated above the rest of the lung surface as gaping tubes Their walls 
were somewhat thickened The larger vessels were dilated 

At the site of the right ovary there was a small cyst attached by a twisted 
pedicle The right ovarian vein was thrombosed near its lower extremity 
The spinal cord showed a thrombosis of the posterior spinal artery 
The gross anatomic diagnosis was Ayerza’s disease 

Microscopic examination of the lungs revealed striking changes in the blood 
vessels Many of the smaller arteries and arterioles showed complete obliteration 
by fibrosis and hyahnization Medium-sized branches showed vacuolation of the 
medial coat, in which muscle fibers and fat were increased The intima was thick- 
ened and in many instances showed infiltration by small round cells Stains for 
elastic tissue showed the internal elastic lamina thickened and split, with a general 
increase in the elastic elements of the vascular wall 

In comparing this case with those that have been described it is found to present 
the typical features of primary pulmonary sclerosis with hypertrophy of the right 
ventricle Clinically, cases of this type are frequently mistaken for polycythaemia 
vera, as this one was Interesting here are the additional observations of coarcta- 
tion of the aorta and thrombosis of the posterior spinal artery 


Endometriosis of thf Appendix A R Cameuo and F Mocavero 

A white woman, aged 23, married, was admitted to the Misencordia Hospital 
in September 1934 with a chief complaint of pain in the right lower quadrant of 
the abdomen She had been well until about a month before admission, when she 
had her first attack of abdominal pain on the right side A diagnosis of acute 
appendicitis was made, and operation was advised, but she refused surgical inter- 
vention, and the attack gradually subsided The pain recurred, however, at irregular 
intenals Because of the continuance of the annoving sensation in the appendical 
area, she finally submitted to operation 

Her menstrual history was normal except that she had missed one period a 
few weeks before admission to the hospital Physical examination gave essentiallv 
negative results except for slight tenderness m the right lower quadrant of the 
abdomen The urine and the blood counts were normal 

^ -ly 1 covered with granulation tissue which bled easily The uterus 

uas palpated, it was soft and enlarged to the size of a six weeks’ pregnancy Tl^e 
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appendix measured 7 cm m length and 9 mm m diameter The distal fourth was 
kinked and covered with delicate vascular adhesions The bulbous distal fourth 
was firm and on cross-section showed an eccentric thickening of the appendical wall 
with a markedly contracted lumen, displaced to one side The serosa covering 
the rest of the appendix was smooth 

Microscopically, a fairly well circumscribed mass of endometrial tissue was 
found m the wall of the appendix near its tip, separating the fibers of the muscularis 
and showing the characteristic decidual reaction of pregnancy 

The convalescence was uneventful There was no recurrence of abdominal pain , 
the patient continued normally through the period of gestation and was delivered 
of a normal full-term child m April 1935 

Aberrant Pancrea.tic and Insul\r Tisset in the Wall of the Jejunum 
Robert Mathews 

In a colored man, aged 33, who died in the Philadelphia General Hospital of 
pulmonary tuberculosis with spread by waj of the mtrapulmonary blood stream, an 
unidentified lesion was found m the terminal part of the jejunum It was almond- 
sized, firm, grayish yellow and covered by intact mucosa and serosa On micro- 
scopic examination this mass was found composed of aberrant pancreatic tissue, the 
acini being of normal size and appearance, and the ducts numerous and of irregular 
size and position, several islands of Langerhans were identified The gland occu- 
pied the whole of the submucosa and muscularis , the mucosa and serosa were intact 

The pancreas is derived from the ectoderm of the pnmitne alimentary tube, 
beginning about the sixth week, and is formed from two anlagen opposite each 
other, the dorsal and the ventral pancreas The dorsal pancreas is the larger and 
finally forms the body, tail and duct of Santorini The ventral pancreas forms the 
head and the duct of Wirsung The aberrant tissue was probably drawn away from 
the main mass in the alimentary tube and, with the lengthening of the tube, was 
carried to the anomalous position Aberrant pancreatic tissue is said to be a 
common finding in the stomach and intestines, but m the Philadelphia General 
Hospital from 1920 to 1934 inclusive (23,543 necropsies) only two othei such 
conditions ha\e been recorded, one occurring m the stomach and the second m the 
lateral wall of the duodenum 

Tumor in the Wall or thi Jejunum Composed or Pancriatic Tissue 
P R Trommer and J C Simpson 

A white man, aged 32, was admitted to tlie Montgomery Hospital, Norristown, 
Pa , on several occasions over a period of fourteen years with severe sjmiptoms 
of peptic ulcer On his last admission m April 1934, operation by Dr Donald M 
Headings revealed the healed scar of a duodenal ulcer A small tumor was found 
m the antimesentenc wall of the jejunum, 40 cm from the ligament of Treitz It 
was 1 5 by 1 cm in diameter, light brown and of granular appearance and impinged 
slightly on the lumen of the bowel 

Posterior gastro-enterostomy and excision of the jejunal tumor were performed 
The patient made an uneventful recover}^ Since then he has been fairly well with 
the exception of two mild attacks of abdominal discomfort , these passed off quickly 
and caused no disabihtv 

Microscopically, the tumor was composed of pancreatic tissue Islands of 
Langerhans were not present A definite duct lined with columnar epithelium was 
found m that part of the tumor situated beneath the mucous membrane of the 
jejunum 

Inflammation in Syphilitic and Nonsipiiilitic Rabbits Joseph D 
Aronson 

Rabbits infected intiatesticularlj’^ with the Nichols strain of Spirochaeta pallida 
were given, two months later, mtracutaneous injections of tubercle bacilli of the 
bovine type, staphylococci (Staph aureus) or mdia ink As controls, nonsyphihtic 
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rabbits were given similar injections At varying intervals the sites of injection 
were removed for inspection 

Dr David Meranze and I noted that in syphihc rabbits the injection of tubercle 
bacilli induced a perivascular polymorphonuclear infiltration, followed by sharply 
defined aggregations of mononuclear cells The lesions resembled those observed 
in the skin of rabbits infected intracutaneously with S pallida Numerous fibro- 
blasts appeared, throughout the experiment, with fewer epithelioid cells In the 
nonsyphihtic rabbits the polymorphonuclear infiltration was diffuse, and was fol- 
lowed by the formation of an abscess and later by a sharply defined large tubercle 
Numerous epithelioid cells and fewer fibroblasts were observed 

The injection of staphylococci into the skin of a syphilitic rabbit produced an 
extensive inflammatory reaction w'lth marked edema, followed by an abscess There 
was extensive infiltration by polymorphonuclear cells, which were arranged in 
aggregations in the tissue spaces, followed by a large abscess and slough, with but 
little granulation tissue In the nonsyphihtic rabbits the inflammatory reaction 
was less marked Sections of skin from these rabbits showed marked infiltration 
by polymorphonuclear cells and edema, followed by a small abscess and a small 
amount of granulation tissue seven days after inoculation 

In the syphilitic rabbits given injections of india ink, a well marked inflamma- 
tory reaction was observed, and on gross examination the mdia ink was found ' 
distributed irregularly throughout the derma At first many aggregated poly- 
morphonuclear cells were observed Later carbon particles were found in mono- 
nuclear cells and in fibroblasts, and marked increase of connective tissue followed 
On the other hand, in nonsyphihtic rabbits, no gross inflammatory reaction was 
seen, and on gross examination a sharply defined narrow brown line was noted 
Microscopically, a slight cellular infiltration was observed, and the india ink, ‘at 
first localized, was later found to be somewhat dispersed 

Pathology of Lymphogranulomatosis Inguinalis Fred W Weidman 

Anatomically there are two features for the pathologist to follow 1 There 
IS a rough parallelism with syphilis, i e, a primary sore (often overlooked), 
followed by the bubo, with generalization of that disease (eye, spinal fluid) later 
2 The localization of the bubo is contingent on the differing distribution of the 
lymphatics of the external genitalia of the two sexes Thus, in females, the extension 
IS generally deep into the pelvis, inducing, among other things, rectal stricture 

As to etiology, the presence of virus appears to be thoroughly established 

Points of immediate practical significance to the pathologist of the general 
hospital are as follows 1 Requests for diagnosis are likely to come from the 
gynecologist and the urologist, as well as from the general surgeon, the internist 
and the dermatologist 2 The histologic features are sometimes distinctive, because 
the architecture of the lymph node is sometimes destroyed, on the other hand, the 
lesion may consist only of a diffuse round cell infiltration When abscesses or 
tubercles are interspersed the picture is at least suggestive and may even be dis- 
tinctive for lymphogranulomatosis mguinalis 3 The Frei antigen, which is so 
specific, IS not on the market, and every effort must be made to establish contact 
with the clinician for the purpose of securing the maximum amount of pus possible 
with which to make the antigen Recent reports promise relief from this difficulty 
through employing brains of experimentally infected monkeys and mice and perhaps 
also cultures of the virus 


HrsTOLocy of the Hemopoietic Tissues in Hemophilia 
E B Krumbhaar 


R P Custer and 


Three fatal cases of hemophilia in which necropsies were made are reported One 
H”) li I"! l>emorri,a6e, o„e from append.!, I, s and hemorrhage 

d o, a' ' falmmating pneumonia The hematopoietic tissues m all three cafes 
shotved normal regenerative ability, ,n the first hvo predominantly erythroMastfe m 
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the third leukoblastic In all three cases there was a maiked increase in megakar 3 0 - 
cytes and their progenitors m the bone marrow, indicating a relationship of the 
blood platelets to the hemophilic process J H Wright’s observation of the formation 
of platelets in the sinusoids of the bone marrow from intruding pseudopods of the 
cystoplasm of megakaryocytes is supported b)’’ our observations 

This work is reported in full m the Ameiican Journal of the hlcdical Sciences 
(189 620, 1935) 


NEW YORK PATHOLOGICAL SOCIETY 

May 23, 1935 

William C Von Giaiin, Piesidmg 

Carcinoma oi the Ultimobuanciiial Body Rubin Polfshuck (by iiiMtation) 

A 28 year old man, an American, was admitted to the medical service of the 
Cumberland Hospital on July 31, 1934, with swelling of the neck, anorexia and 
vague gastro-intestinal disturbances 

The past history of the patient and family history were irrelevant 
Physical examination revealed a blond white man whose face and neck were 
full but not grossly edematous The upper part of the chest presented numerous 
enlarged and tortuous veins An x-ray film showed a nonpulsating shadow indicate e 
of ,a tumor m the upper mediastinal area Under the impression that the condition 
was Hodgkin’s disease, the patient was given roentgen therapy and discharged to 
the clinic considerably improved, with, however, no decrease in the size of 
the tumor 

In the clinic he complained of occasional headaches with blurring of vision, 
stiffness of the neck and dizziness and weakness, which had caused him to fall 
down on several occasions Physical examination revealed thrombosis in the 
external jugular vein on the right side and increased engorgement of all the v'eins 
of the chest, neck and arms 

The patient was readmitted to the hospital Jan 21, 1935, with the added com- 
plaint of dyspnea on exertion Surgical removal of the mass was then attempted, 
and an inoperable tumor was found Biopsj" resulted in a diagnosis of carcinoma 
possibly bronchogenic in origin The patient reacted poorl}’^, pyopneumothorax 
developed, and death occurred on the tenth day after the operation 

The observations at autopsy were as follows Tlie anterior and superior 
mediastinum contained a large encapsulated nodular mass about 15 cm in diameter 
This extended superiorly as far as the thyroid gland, posteriorly almost to the 
spine and anteriorly to the sternum, to which it was adherent Inferiorly it extended 
to the heart, pushing the latter to the left, and laterally it encroached on both 
pleural spaces (more on the right one), where it was adherent to both lungs 

Thfre was massive thrombosis in both the internal jugular and the subclavian 
veins, the thrombi extending into the tributaries of both of the arms 

The cut surface of the tumor was variegated, some areas being yellow and 
others gray or deep red Some portions were soft, otheis were firm, and still 
others almost cartilaginous 

Microscopically, the tumor was made up of two rather definite types of cells 
One was an elongated columnar cell, staining dark, which tended in many areas 
to form acini The cytoplasm stained deep pink and was smooth The nucleus 
varied in shape and size but was usually oval and vesicular The other type of 
cell bore a striking resemblance to a plasma cell but was larger Its cytoplasm 
was pink and smooth, and its nucleus, eccentric, hyperchromatic and round or oval 
Numerous mitotic figures and dividing forms were seen These cells were arranged 
in histoid fashion and were separated by a scant fibrovascular stroma 
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The tumor as a whole was very vascular, and in some areas it appeared angioma- 
tous, with numerous areas of hemorrhagic extravasation The walls of the blood 
vessels were thin Many vessels contained platelet thrombi, some of which showed 
hyalimzation and calcification A characteristic feature of the growth was its 
tendency to invade the lymphatics and blood vessels In some sections the neoplasm 
also showed a tendency to grow m strands or groups of deeply staining cells 
separated by myxomatous and hyaline substance m which were many young fibro- 
blasts Large portions of the tumor showed degenerative changes and calcium 
deposition Other portions showed areas of necrosis with peripheral infiltration 
by polymorphonuclear cells 

The pericardial sac contained about 1,500 cc of a cloudy straw-colored fluid 
The epicardium was covered bj’’ fibrinopurulent exudate The neoplasm extended 
into the upper portion of the pericardium 

The right pleural cavity was filled with a large amount of fibrinopurulent 
exudate compressing the lung 

The posterior mediastinal and supraclavicular lymph nodes were enlarged and 
on microscopic examination showed metastatic groups and strands of cells similar 
to those of the main tumor mass 

Although the history of this case as well as the location of the tumor suggests 
the possibility of a thymic neoplasm, still the histologic structures fail to fulfil the 
criteria for this type of growth and suggest an origin from an epithelial structure 
such as a branchial rest References to this type of neoplasm in the literature are 
scant Getzowa, in a study of serial sections of thyroids from idiots and cretins, 
found many tubular structures and solid groups of cells which histologically 
belonged neither to the thyroid nor to the parathyroid These she considered to 
be rests of the ultimobranchial bodies 

Langhans described five cases of tumor of the ultimobranchial body In each 
of these cases the structure of the tumors, he believed, resembled closely the cell 
groups described by Getzowa 

Ewing also described two cases of a similar tumor which he believed to have 
originated in the ultimobranchial body, and in our case examination of the gross 
and microscopic specimens suggested the possibility of a similar origin 

Different Forms of Leiomyosarcofia Uteri Louise H Meeker 

Myoma of the uterus furnishes 50 per cent of all tumors Less than 2 per cent 
are malignant Four specimens differing in gross morphology are presented (1) a 
large pedunculated form, (2) a circumscribed lymphangiectatic form, (3) a circum- 
scribed cystic type and (4) a diffuse form They do not differ m minute histology, 
and the gross difference seems to depend largely on the situation of the primary 
focus and its relation to the blood vessels and lymphatics in the associated connective 
tissue Types 3 and 4 deserve special mention 

In type 3, the cysts are usually produced by dissolution of connective tissue and 
accumulation of lymph, which pushes the muscle nodes to the periphery of the 
tumor Cavities of the type I am presenting are exceedingly rare Cullen stated 
m 1909 that there was only one tumor of this type among 1,674 examples of myoma 
of the uterus reviewed by him Hellier in 1914 published a report of such a tumor 
which he considered remarkable The inner wall was marked by prominent g 3 m 
and was lined by many layers of closely packed smooth muscle cells Other 
examples are wanting or are not described in histologic detail All the cystic forms 
of this type are described as of the size of a grapefruit 

In type 4, the connective tissue of the myometrium in general shows lymph- 
angiectasis, and the multiple foci of the myoma form ramifying tumor pegs through- 
out the distended lymphatics (a modification of myoma gyratum?) Few tumors 
of this type have been reported There are descriptions of such tumors, but the 
details are more or less vague Examples are described m reports of r’ Meyer 
and several are cited by him Boj^d has said that the type is so rare that it need 
not be considered Frank has described similar ramifying growths under the title 
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“Fibromyomasis— an Unclassified Plexiforni Endolymphatic Proliferation of the 
Uterus ” In the one which I show there is no glandular epithelium or mucosal 
stroma to suggest origin m a previous adenomyoma 

Although these four examples of leiomyosarcoma of the uterus differ m gross 
structure they are the same in cell type The neoplastic cell m each instance is 
a small round or spindle-shaped cell with rounded nucleus and scanty cytoplasm 
It does not exhibit polymorphism, and mitotic figures are not abundant The active 
cell IS a muscle cell of embryonal type, and the connective tissue does not participate 
in the neoplastic process 

The greatest variation is seen m the degeneration and liquefaction of the 
connective tissue and the relation of this to the lymph stasis I find abundant 
hyaline degeneration and extensive liquefaction m both the tumors and the con- 
nective tissue of the general myometrium of the diffuse growths The myoblasts 
are most abundant where the lymph is most abundant both m the partly liquefied 
matrix and m the lymph channels 

One IS reminded that the connective tissue of the uterus contains embr3mnal 
smooth muscle cells that multiply greatly during pregnanc}'^ lhat these cell rests 
mav give rise to tumors has been suggested and seems probable If connective 
tissue secietes a hormone, as claimed Ity several investigators, doubtless the 
extremely labile connective tissue of the uterus has its own type of hormone to 
balance the hormonal stimulus which promotes activity of uterine muscle, and a 
change in the drainage and the amount of Ivmph may upset this balance, allowing 
one or the other tissue to predominate Such a condition may be local or under 
certain circumstances widespread, and multiple tumors arising from the muscle rests 
may produce the diffuse sarcoma of muscle origin 

DISCUSSION 

Alfred Plaut In the last ten jears, mj" associates and I have seen only two 
examples of leiomyosarcoma of the uterus I agree with Dr Meeker that the 
percentage given in the older literature is entirely too high One can easily make 
a test by carefully choosing a high power microscope field of an ordmar}^ cellular 
myoma uteri and asking a younger pathologist what he calls that Quite often 
one will hear the diagnosis sarcoma 

I should like to ask Dr Meeker whether her last case is supposed to be similar 
to the case which Dr Robert T Frank presented several years ago at the Graduate 
Fortnight of the New York Academy of Medicine If I remember correctlj, the 
cells of that tumor, of a kind which I had never seen before, or after, seemed to 
conform to those of the stroma of the endometrium more than to muscle cells If I 
understood Dr Meeker correctly, I heard her refer to Dr Frank’s case, and I 
wonder what the relation of these two types of tumor may be I also should like 
to ask how far the gross appearance of Dr Meeker’s tumors was suggestive of 
sarcoma Did the cut surfaces have the characteristic look of cut crab meat or 
fish meat^ 

S H PoLAYES Was the endometrium involved in all of these four cases, or 
just in one^ 

Nathan C Foot Can Dr Meeker give anj’- statistics of the likelihood of 
metastases? As I understand it, it is extremel}'’ rare for sarcoma of this type to 
metastasize, but one is often confronted by the surgeon who asks about the 
likelihood of metastases in such cases 

Louise H Meeker In reply to Dr Plaut, I should like to say that I think 
Dr Frank intended to convej’' the idea that the stromal cells of the endometrium 
were the active cells in his tumor The cells m such a case are, according to the 
opinion of Ewing, embryonal muscle cells 

As to the tumors having the characteristic appearance of sarcoma, that is 
questionable They looked as though they might be sarcoma, but I do not know 
that I could say they did positively, except in the case of the diffuse tumor, which 
certainly suggested sarcoma 
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In regard to involvement ot the endometrium, there was no involvement of it 
except from pressure, which produced the polypoid thickenings The idea that 
endometrium may have extended into blood vessels, as Sampson thought, to give 
origin to the tumor of diffuse type and that then the glandular elements were 
destroyed by pressure does not seem to be borne out here There was nothing 
to suggest any relation to the endometrium or to the endometrial stroma It was 
all embryonal muscle wduch produced the active proliferating tumor 

In answer to Dr Foot, tumors of this tvpe sometimes metastasize, but metastasis 
IS very rare The surgeons who operated in these cases are questioning what 
will happen before the end of five years 

Leiomyosarcoma of the Gailbladuer Louise H Meeker 

The specimen is presented because of the rarity of muscle sarcoma of the gall- 
bladder It IS from a case included by Dr John F Erdmann in his recently 
published article, “Neoplasms of the Gall Bladder” Few cases of undoubted 
sarcoma of the gallbladder have been reported In only a small number of these 
was the tumor derived from muscle Gaetam’s summary of thirty reputed cases, 
published in 1932, included only one of leiomyosarcoma The microscopic picture 
IS that of closely packed large embryonal muscle cells, varying in shape from 
round to polyhedral, with fairly frequent mitotic figures 


Filtration and Secretion in the Human Kidney Homer Smith (by 
invitation) 

It IS supposed that the remote ancestor of the vertebrates possessed a tubular 
kidney draining the body celom, such as is observed in most invertebrates and 
especially in the annelids The glomerulus, which is found only in the kidney of 
the vertebrate, is supposed to have been evolved by some primitive chordate to 
facilitate the excretion of water from the body This postulate rests in part on 
the currently accepted views of renal function and in part on the paleontological 
evidence that the earliest definitive fishes were inhabitants of fresh water The 
first glomerular forms, it should be noted, may well have been in highly organized 
vertebrates , the postulate does not require, as Chamberlain has suggested, that the 
first chordates themsehes were evolved m fresh water, but only that the special 
character of the glomerular kidney indicates a fresh water habitat at the time 
when this character was established 


So long as the organism remained m fresh w'ater (dipnoans, ganoids and 
teleosts) or in intimate dependence on it (amphibians) this excretory arrangement 
persisted , but with the secondary assumption of a mai me habitat (teleosts) where 
the osmotic gradient was reversed and the excretion of water reduced, or with the 
assumption of terrestrial life, m which conservation of water became a necessity 
(and-hving reptiles and birds), the organism no longer needed and could no longer 
economically use this primitive water -excreting mechanism There was thus a need 
to either (a) discard or reduce the glomeruli or (b) amend their primitive function 
by adding distally a more efficient mechanism for the reabsorption of water The 
first process appears to be occurring m the marine teleosts and in the reptiles In 
the mammals and possibly to some extent m the birds, on the other hand, the 
addition of the loop of Henle has permitted the reabsorption of water against the 
osmotic pressure of the metabolites m the urine, consequently m these the glomeruli, 
although still very active as filters, have become secondarily incorporated into a 
filtration-reabsorption system which permits the excretion of waste products with- 
out the excretion of excessive quantities of water 


In man the quantity of glomerular filtrate (glomerular clearance) is about 100 
to 125 cc per minute The urea clearance is considerably lower, probably because 
of reabsorption some place along the tubular system The creatinine clearance is 
ugher by about 40 per cent, and the phenol red clearance is more than three times 
as g^eat, m both instances because of tubular excretion from the postglomerular 
blood Other substances which are normally absent from the urine dextrose 
eatine etc ) show an increasing clearance as the level of the plasma is raised’ 
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DISCUSSION 

Alfred Plaut Is there a special behavior of the glomerular apparatus of 
fish which change from sea water to fresh water and vice versa, for instance, the 
eel, which leaves the depth of the mid-Atlantic and migrates to the estuaries of 
America and Europe, with the young returning from the rivers to the original 
place ^ 

Homer Smith Dr Plant’s question touches subjects which are being investi- 
gated It seems, a prion, that there must be a physiologic mechanism for reducing 
glomerular activity when fishes go from fresh into salt water There are observa- 
tions which indicate that the glomeruli of the eel, m particular, are under physio- 
logic control, but how that control operates, I do not know It has been sug- 
gested for frogs and fish that there are shunts between the afferent and efferent 
arterioles so that the blood can be sent through without crossing the entire capillary 
bed That might be one method Another method might be that of an ischemia 
of the kidney Nothing is known about tbe details ot the mechanism involved, 
and my associates and I are interested in finding out whether such physiologic 
mechanisms condition the migration of fish like the eel from fresh water into 
salt water 

The Third Dimension in P\thologic Inm-stigation Jean Oliver (by invita- 
tion) 

The importance of the third dimension in investigations of morphologic changes 
m diseased tissues was illustrated by the demonstration of plastic preparations 
of the abnormal nephrons of the kidney in chronic Bright’s disease These struc- 
tures were shown m model reconstructions bj the Born wax plate method and m 
microdissections of tissue macerated m strong hydrochloric acid The various 
changes that have been observed in the course of the nephron from the glomerulus 
to the pelvis of the kidney were shown (Arch Path 15 755, 1933, 18 777, 1934, 
19 1, 1935) and attention drawn to the possible use of these methods in the 
investigation of other morphologic pioblems 

DISCUSSION 

Homer Smith I should like to ask what proportion of glomeruli might still 
be functioning m the kidney, m a case of extremely severe chronic glomerulo- 
nephritis, or what proportion of aglomerular tubules, when the glomeruli are gone 
Is it 1 m 100,000, 1 111 1,000 or 1 m 10? 

James A Shannon What proportion of the glomeruli in pathologic cases 
have hypertrophy of Ludwig’s vessel? Is it a common thing? 

Jean Oliver In regard to the frequency of occurrence of aglomerular tubules 
I should reply that my associates and I are still working on this problem, and I 
do not think I am prepared as yet to make a definite statement about it The 
answer is complicated by the fact that chronic glomerulonephritis seems to produce 
two architectural forms of kidney In one there is a very diffuse change char- 
acterized by simple atrophj of the proximal convolutions, and in that form it is 
only very occasionally that one finds aglomerular tubules This sort of kidney is 
usually found when the disease has been fairly rapid m its development, or perhaps 
it would be better to say, when it shows high intensity throughout its course — 
when there are no remissions The other type of kidney is quite different, because 
the changes are decidedly patchy There are areas that are similar to what I have 
described, that is, where atrophy is the outstanding change m the nephrons, but 
there are other areas in which the nephrons are not only well preserved, but are 
hypertrophic and hyperplastic You have all seen these two pictures m sections 
of kidney showing chronic glomerulonephritis One is the smooth kidney of Fahr, 
and the other is the nodular kidney It is m the latter type, the type in which 
the disease has gone on for years — the patient has shown remissions, he has been 
quite ill for long periods of time and then apparentl> well for weeks or months — 
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that one finds aglomerular tubules But I do not think I can give any accurate 
figure as to what the proportion is, though I can say they are common One can 
find them without any difficulty if one looks in one of the better preserved portions 
of the kidney 

I have the same difficulty m answering the second question as to how frequent 
the occurrence of Ludwig’s vessel is It is practically impossible to find this 
vessel in normal kidneys In fact, in a normal kidney I have never found one that 
I was certain of Moreover, there is a practical difficulty m identifying the vessel 
of Ludwig and this comes from the fact that the afferent vessel may subdivide 
and go to two or more glomeruli , if one breaks off a branch and does not know 
one has broken it off, one has something that apparently fulfils the requirements 
of Ludwig’s vessel The real vessel of Ludwig comes off at almost a right angle 
from the afferent vessel If one has been careful, one knows there never was a 
glomerulus there If one is fortunate, there are capillaries on the end of the vessel 
In that case there is no question but that the finding is Ludwig’s vessel But in 
the normal kidney it is almost impossible to find an example In abnormal kidneys 
it IS fairly easy to find examples, but again I hesitate to give a figure It would 
mean dissecting several hundred specimens, and one would have to be sure in the 
several hundred that one had prepared that one had not missed any vessel of 
Ludwig Then, of course, if one were sure of one s facts, one could give a statistical 
figure, but this would be a difficult thing with this technic I think it is permissible 
to say that Ludwig’s vessel and the aglomerular tubule are found frequently, but 
I do not think I dare say much more than that 

Homer Smith In the illustration shown do you know whether that instance 
of Ludwig’s vessel goes to the proximal or to the distal tubule? 

Jean Oliver It goes to the neighborhood of both I do not think I can 
say It goes to one, because the two tubules are so mixed 
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La protidemie et la pression osmotique des protides Recherches experi- 
mentales et applications cliniques By Antoine Codounis, Professeur 
agrege a la Faculte de Medecme d’Athenes Preface by Professeur Ch Achard 
Paper Price, 36 francs Pp 212 Pans Masson & Cie, 1934 

Prior to his appointment at the University of Athens, Codounis was associated 
with Achard in Pans He published with Achard and with other collaborators a 
long senes of articles on various aspects of the same subject with which this book 
deals This work, which received the prize of the Academy of ■Medicine m Pans, 
is a summary of all those publications, with brief references to the work of other 
authors Introductions by Achard and Codounis occupy six pages 

The first part, of fifty-five pages, deals with experimental investigations It 
begins with a presentation of methods, particularly of the author’s own technic of 
the determination of protein Then follow discussions (a) of the properties of 
serum protein and of its fractions, (b) of the origin of these fractions and of their 
relation to the liver lungs, spleen, kidnej'S, stomach and thvroid, (c) of the influ- 
ence of cathartics and of thirst on the blood proteins of the dog Very valuable is 
the next chapter on the blood proteins m normal animals that are commonly employ ed 
for experimental work (the horse, the rabbit, a few species of monkeys, the dog 
and the gumea-pig) Results of studies dealing with the influence on blood pro- 
teins of experimental amyloidosis and experimental intestinal obstruction m the 
dog, of immunization and of various experimental infections m the horse and of 
infections m the monkeys are recorded 

The major part of the book, consisting of one hundred and fifteen pages is 
devoted to a presentation and analysis of a large mass of data dealing with the 
variation of blood proteins m various diseases of man The senes includes twenty’’- 
two normal healthy persons, twenty pregnant women, ten new-born babies and 
three hundred and thirty patients afflicted with various diseases The examinations 
included an estimation of osmotic pressure, total proteins, albumin, globulin, the 
albumin-globulin ratio and, m some cases, lipoids and cholesterols The finding of 
a reversal of the normal albumin-globulin ratio, owing to a lowering of the total 
proteins, but particularly of the albumin, m various acute and chronic infectious 
diseases, confirms a few older reports In striking contrasts are the normal or 
slightly elevated values for protein in tuberculous meningitis, while a similar 
change is present m pulmonarv tuberculosis and m other infectious diseases The 
prognostic value of the low protein level is illustrated with histones of cases A 
study of fifty-one cases of various forms of nephritis and of nephrosis, with the 
clinical and laboratory data, should prove of value to clinicians and investigators, 
even if they would not agree with the conclusions of Codounis 

The chapters dealing with the diseases of the heart and blood vessels and of 
the blood, the liver, the digestive tract, the endocrine glands and the nervous system 
and with malignant tumors contain valuable observations Codounis concludes this 
section with the significant remark that the disturbances of the protein balance are 
a nonspecific phenomenon similar to the sedimentation reaction of ery^throcytes 
That impression forces itself all along on the reader If the different and laborious 
chemical estimations add little or nothing to the information offered by the simple 
sedimentation test of erythrocytes, the choice between the two should be easy 
The book closes wih a short chapter on the osmotic pressure of proteins and 
its significance in pathology The bibliography lists one hundred and eighty-two 
titles and is obviously incomplete with regard to German and American publications, 
among which even fundamental recent articles were omitted On the other hand, 
the publications of Achard and of his associates take up about one third of the 
whole list The American student of the subject will find the accumulated labora- 
tory data of considerable value, but if he seeks information, according to the 
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reviewer, he will find more of it, more clearly presented and more easily accessible, 
in. the sixty pages of chapter XIII in the first volume of Peters and Van Slyke s 
"Quantitative Clinical Chemistry ” 

The Pathology of Internal Diseases By William Boyd, MD, MRCP 
(Edm), FRCP (Lond), Dipl Psych, FRS (Can), Professor of Pathol- 
ogy m the University of Manitoba, Pathologist to the Winnipeg General 
Hospital Second edition, thoroughly revised Price, $10 Pp 904, with 335 
illustrations Philadelphia Lea & Febiger, 1935 

It IS a pleasure to welcome the second edition of this book Major alterations 
have been made in many sections, and much new material has been added The 
references at the end of the chapters are now arranged under subjects m place 
of alphabetically according to the authors’ names, which is of advantage when the 
titles to articles in periodicals are omitted “The aim of the present edition has 
been to develop the subject along clinical and physiological lines even more than 
to add material which is pathological m the strict sense of morbid anatomy” 
The scope of the book is best shown by the subjects of its seventeen chapteis 
diseases of the heart, arteries, respiratory system, stomach and duodenum, intestines, 
liver and gallbladder, pancreas, kidneys, adrenal glands, thyroid gland, parathyroid 
glands, pituitary body, blood, bone marrow, spleen, lymph nodes and thjmius gland 
and nervous system The book consequently covers the field usually included under 
the term internal medicine, except that acute infectious diseases such as measles, 
scarlet fever, smallpox, tularemia, undulant fever and whooping cough have not 
been included This omission will be a disappointment to many readers As 
indicated by the quotation from the preface, the general plan is to discuss the 
nature, the etiology and the structural changes of internal diseases, with special 
reference to the relations between the clinical manifestations and the lesions The 
illustrations answer their purpose well The style is clear and fluent There 
may be a slight tendency to resort to general phi ases to explain obscure phenomena 
This IS illustrated by the following statement from the section on sudden cardiac 
death "Finally tliere remains a group of cases m which the patient dies of 
sudden heart failure, but no satisfactory cause can be assigned Such cases may 
be put down to shock, status lymphaticus or a visitation from God ” And m 
discussing infectious processes probably too many effects are ascribed offhand to 
"the action of the toxin ” The statement on page 296 that food-handlers constituted 
the chief danger in tlie Chicago outbreak of amebic dysentery in 1933 should not 
be allowed to stand, because the main factor m that outbreak was contamination 
of the water supply m two hotels Under heart block (p 63) it is stated that 
the course of the conduction system is described at the beginning of the chapter, 
but It appears that m the revision of the first edition that description has been 
omitted 

The book is an excellent introduction to the study of clinical medicine and 
will be of special interest to medical students as they enter clinical work as ward 
clerks and interns, as well as to physicians who wish to refresh their knowledge 
of the pathology in the broad sense of internal diseases 
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A Bibliograph\ or Two Oxford Physiologists Richard Lower, 1631-1691 , 
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Abnormalities See also Monsters , etc , and 
under names of organs and regions, as 
Extremities , Heart , Intestines , Spinal 
Cord , etc 

duplication of Meckel’s dherticulum wltli 
other congenital anomalies, *245 
Abortion embolic transmission of rubber cathe- 
ter into heart in, 151 

Abscess See under names of organs and 
regions as 'Biver, abscess , etc 
Acetone See Blood ketone bodies 
Acid, bromcaprolc, effect on rat sarcoma, 803 
base-protein-acid compounds, *G83 
Acid-base equilibrium alkali reserve in blood 
and in spinal fluid in experimental acidosis, 
135 

susceptibility to dental carles in rat , Influence 
of orange juice and acid-base balance of 
diet *857 

Acidosis See also Blood, ketone bodies 

experimental alkali resene in blood and in 
spinal fluid in, 135 
Actinobacillosls See Actinomjcosis 
Actinomycosis, allergic reactions of actinomy- 
cetes 799 

Adamantinomas of hypophyseal stalk and sphe- 
noid bone 948 

Addison’s Disease pituitary gland in, 314 
with atrophy of cortex of adrenal gland, G49 
Adeno-acanthoma of pylorus 806 
Adenocarcinoma of stomach, thrombocytopenic 
purpura associated with, *217 
Adenoflbrosls relation of adenoma of umbilicus 
to apocrine sweat glands and to adeno- 
flbrosis of mammary gland, 131 
Adenoma, histologic study of parathyroid ade- 
noma, *823 

of thyroid, fat tissue in 793 
of thyroid in experimental animals 948 
of umbilicus relation to apocrine sweat glands 
and to adenoflbrosis of mammary gland, 131 
Adipose Tissue See Eat 
Adrenals See Suprarenals 
Agglutinins See also under Antigens and Anti- 
bodies , Blood, groups , Immunity , Mono- 
nucleosis, infectious , Pneumococci , etc 
formation of agglutinins within lymph nodes, 
943 

group specific substances in fresh human milk 
and ip milk stains 151 
incompatibility of blood of same group de- 
pending on agglutinin for hitherto unknown 
receptors 153 

medicolegal applications of blood-grouping 
with reference to agglutinogens M and N of 
Landsteiner and Levine 149 
minor hemagglutinins, 498 
reacUon ultramicro technic for precipitin and 
agglutinin reactions, 332 
spontaneous occurrence of Brucella agglutinins 
111 dogs, 945 

Agglutinogens See Agglutinins , Blood, groups , 
Smallpox, vaccination 

Apanulocytosls See Angina, agranulocytic 
Air, impurities , cause of deaths associated with 
fog in valley of Meuse, 150 
ionized effect on leukocytic blood picture of 
guinea-pigs 315 

Albumin, Immunological stddy of effects of in- 
tense sound vibrations on egg albumin 945 


Alcohol, examination for, in persons injured in 
accidents, 152 

Alkali Reserve See Acid-base equilibrium 
Allergy See Anaphylaxis and Allergy 
Altschulc, M D Vitamin A deficiency in spite 
of adequate diet in congenital atresia of bile 
ducts and jaundice, *845 
Amebiasis, laboratory diagnosis, 154 

spread of amebic dysentery by water 141 
Ammonia production bv sarcoma sparing effect 
of carbohydrate, 490 

Amylase, physiological validity of enzyme (amy- 
lase) determinations in tumor tissue 804 
Amyloidosis, amyloid contracted kidneys, 795 
atypical amyloid disease, 128 
etiology, 1G3 

Anaphylaxis and Allergy See also Glucose , 
Malt, Milk, etc 

allergic reactions of kidney 802 
anaphylactic reactions after removal of in- 
hibitory substances, 802 
experiments relative to vaccination against 
tuberculosis with Calmette-Guerin bacillus 
(BCG), *343 

flaring up of injection sites in allergic guinea 
pigs, 945 

grading of local skin reactivity to bacterial 
filtrates, 941 

hypersensitiveness and immunity to foreign 
proteins, 943 

hipersensitlveness in dogs after experimental 
pneumococcus lobar pneumonia 940 
intradermal, and serum tests 939 
local skin reactivity to Bacillus tuberculosis, 
940 

quantitative study of serum precipitin in ana- 
phylaxis in rabbit, 944 

specificity of anaphylactic vascular contrac- 
tility of white rats, 802 
with pollen, 940 

Anemia, ery throcontes and erytliropoiesis in per- 
nicious anemia and in embrvo, 792 
nature of, in acute leukemia, *725 
sickle cell, slderoflbrosis of spleen in, 131 
Anencephaly See Monsters 
Aneurysm carotid , serpentine aneurysm of in- 
ternal carotid artery with resulting encepha- 
lomalacia and cerebral hemorrhage *36 
multiple, probably syphilitic, associated with 
rheumatic carditis 655 

Angina, agranulocytic, acute experimental sto- 
matitis in dogs with leukopenia 633 
agranulocytic, etiology of agranulocytosis, 
*902 

Angioma, multiple hemangioblastoma of spinal 
cord with syringomyelia (Lindau's disease) 
329 

Angiosarcoma, generalized, primary, of lymph 
nodes, *760 

Anomalies See Abnormalities and under names 
of organs and regions 
Anopheles See Mosquitoes 
Antibodies See Antigens and Antibodies 
Antigens and Antibodies antigenic differences 
between related bacterial strains, criticism 
of mosaic hypothesis 800 
are antibody actions due to separate anti- 
bodies* 944 

of antibody in immune serum. 


Hemolytic, for sheep and ox erythrocytes In 
infectious mononucleosis, 639 
role of precipitin in removal of intrav enously 
injected antigen, 944 ^ 

Antiserum See under names of various diseases 
Antitoxin See under Diphtheria , etc 
Aorta, sclerosis , atherosclerosis of aorta as 

2o'jearVot age”, 



INDEX TO VOLUME 20 


Aorta — Continued 

sclerosis , early incidence of spontaneous 
medial degeneration (‘‘arteriosclerosis”) in 
aorta of rabbit, *1 

Aortitis, suppurative, report of 2 cases, 812 
Apople\y See Brain, liemorrlnRC 
Apparatus See also Instruments 

for fl\ation of lungs in Inflated state, *77 
Appendix endometriosis of, 955 
mucus-containing stones in 795 
Aronson, J D Inflammation in sjpliilltic and 
nonsypliilitic rabbits, 950 
Arrlicnoblastoma, 330 
Arsenic Keratoses and carcinoma 491 

necrosis of stomach after Intravenous Injec- 
tion of neoarsplicnamlne, *891 
Arsplienamine, necrosis of stomach following 
intravenous Injections of neoarsplicnamlne, 
500, *891 

Artefacts in central nervous system In relation 
to changes ascribed to electric current, 485 
Arteries See also Aneurysm , Aorta , Arterio- 
sclerosis , Blood V essols , Embolism , Peri- 
arteritis , Thrombosis 

bullet In left femoral artcrj , Intrav asclilar 
migration of projectiles 150 
coronarj, fatal pericardial hemorrhage duo to 
rupture of, 797 

coronary, lesions in rheumatic fever, 318 
coronary sclerosis pathology of, 31G 
endartcrlal cellular buds of thyroid, 132 
inflammation , tuberculous arteritis, 488 
pulmonary , Ayerza’s disease, 954 
Arteriosclerosis, Aortic See Aorta, sclerosis 
coronary, pathology of 31G 
effect of iodine on cholesterol-induced athero- 
sclerosis *337 

e\perimental cholesterol and Its relationship 
to human arteriosclerosis, *81 *259 
gastric, and etiology of ulcer (vascular lesions 
in surgically excised stomachs) *189 
glomerular clianges In arteriosclerotic con- 
traction of Kidney, 480 
In Sweden, 321 
spontaneous, in rats, *708 
Arteritis Sec Arteries, Inflammation 
Arthritis See also Rheumatism 

deformans, experimental production of anKylo- 
poletlc arthritis 792 

rheumatoid, gross and histologic changes in 
knee joint In *507 
Asbestosis See Pneumoconiosis 
Aschoff Body See Rheumatic Fever 
Ascites relation of plasma proteins to ascites 
and edema In cirrhosis of liver, 134 
Ash, T Mechanism of pathologic calclflcatlon, 
*G90 

Atherosclerosis See Arteriosclerosis 
Auer’s Bodies See LeuKemla 
Autolysis morphologic effects of splenic autoly- 
sates, 127 

Avitaminosis See under Vitamin 
Ayerzas Disease See Arteries, pulmonary 

BCG See under Tuberculosis 
Bacilli See Bacteria 

Bacteremia, passage of bacteria from lungs into 
blood stream 140 

Bacteria See also under Meningococci , Pneu- 
mococci , Streptococci , Tubercle Bacilli , 
Typhoid, bacilli , Viruses , etc 
abortus and melitense gioup , Brucella infec- 
tion of swine 327 

abortus and melitense group , experimental 

brucelliasis in dogs 487 
abortus and melitense group , pathogenicity 

for cattle of Brucella strains from undulant 
fever in man 141 

abortus and melitense group spontaneous 

occurrence of Brucella agglutinins In dogs, 
945 

Bordet-Gengou See Whooping cough 
cellular reactions to acetone-soluble fat from 
mycobacteria and streptococci G34 
coll , renal denervation , effect of daily Injec- 
tions of colon bacilli and pitressin on de- 
nervated kidney of dog *548, 812 


Bacteria — Continued 

corny bacteria , coccus forms of Corny bac- 
terium oiphtheriae. 111 
Friedl inder Sec Bacteria, mucosus capsulatus 
group 

grading of local sKln reactivity to bacterial 
filtrates 941 

granulosis, relation to trachoma 48G 
inflammation and bacterial Invaslvcness, 499 
mechanizing the viable count, 49G 
mucosus capsulatus group abscess of liver 
due to Friedlander s bacillus, G49 
mucosus capsulatus group , influence of pn on 
dissociation of Bacillus Friedl inder and 
■Mycobacterium tuberculosis, 487 
nucleus, problem of, G38 
Paratyphoid Enterltldls Group See Bacteria 
typhoid group 
Shiga Sec Dysentery 
Sonne’s Sec Dysentery 

typhoid group, mucoid variants of Bacterium 
paratypliosum B 328 
variation, technical errors In studies, 32G 
Bacteriophage, staphvlococcic, 488 
Bacterium Sec Bacteria 

Baker, M Q Suppurative aortitis, report of 
2 cases, 812 

Barbital and Barbital Derivatives, red colora- 
tion of body in barbituric poisoning 150 
Bartels, E C Acute ulcerative esophagitis, 
pathologic and clinical study of 82 cases 
observed at necropsy, *3G9 
Basophils See under Erythrocytes 
Bauer, IV Cellular constituents of bovine 
synovial fluid, 158 

Beck, G Fiber and nuclear structures in case 
of hypoplasia of cerebellum 30G 
BelK, W P Minor hemagglutinins, 498 
Bennett, G A Cellular constituents of bovine 
synovial fluid, 158 

Benzanthracene, action of 1 2 5 C-dibenzan- 
thracenc on Obella gcnlculata, 94 G 
production of tumors in fowl with colloidal 
solution of 1 2 5 G-dlbcnzanthracene, G44 
Bile, hemoglobin , hcmoglobinocholla in toxic 
conditions, 314 

lipids in liver of cat during bile stasis and 
biliary decompression *535 
pigment formation In metastascs of carcinoma 
of liver, 807 

study from human gallbladder, ICl 
Bile Ducts, lipids in liver of cat during bile 
stasis and biliary decompression, *535 
renal lesions following injection of sodium 
dolly diocholatc in animals with and without 
biliary stasis *8GG 

vitamin A deficiency in spite of adequate diet 
in congenital atresia of bile ducts and 
jaundice, *845 

Blllnibin, formation in tissue cultures of spleen 
315 

Bilirubinemia See Blood, bilirubin 
Bladder, urinary, fibrinous balls In G34 
Blood See also Erythrocytes, Leukocytes 
alkali reserve in blood and in spinal fluid in 
experimental acidosis, 135 
bactericidal properties, thermostabile bacteri- 
cidal substance In human serum G39 
bilirubin , effect of injection of bilirubin and 
bile salt on van den Bergh reaction, 502 
calcium-ion concentration in 134 
circulation, physiology and pathology, 792 
coagulation, quantitative studies 1G3 
Diseases See Anemia, Leukemia, etc 
examination of blood qualities M and N, G40 
fat content in blood of right side of heart in 
case of fatal fat embolism 814 
fats, effect of total hepatectomy on. 1G3 
fibrin , effect of dissociation of streptococci on 
their fibrinolytic and antiflbrlnogenlc ac- 
tivity, 811 

fibrin, occurience of antifibrinolytic proper- 
ties In blood of patients with acute hemo- 
lytic streptococcus infections, 939 
glutathione content of blood and plasma in 
human cancer, 133 
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Blood— Continued , , 7 

groups, errors in technic in forensic Wood 
grouping test, 151 

groups , incompatibiiity of blood in same group 
depending on agglutinin for hitherto un- 
known receptors 153 - t., ^ 

groups , medicolegal applications of blood 
grouping with reference to agglutinogens M 
and N of Landstelner and Levine, 149 
groups , relation between subgroups and trans- 
fusion reactions, 150 

groups, relation between type specific carbo- 
hydrates of pneumococci and blood group 
specific substance, 639 

groups, results obtained from medicolegal ap- 
plication of MN and four gene theories, 152 
groups , technic of demonstrating properties M 
and N, 150 

growth-promoting and growth-inhibiting prop- 
erties in blood of mice resistant to tar- 
sarcoma, 643 

ketone bodies , action of acetone and of ketone 
bodies present in diabetic blood on heart, 
479 


parasites , effect of splenectomy on latent in- 
fection Eperythrozoon coccoldes, in white 
mice, 325 

phosphatase in completely depancreatized 
dogs, 162 

protein regeneration controlled by diet, 478 
proteins , hyperproteinemia in multiple mye- 
loma, 949 

proteins, relation to ascites and edema in 
cirrhosis of liver, 134 

stains , precipitating antihemoglobin serum In 
diagnosis of, 150 

sulphur compounds , blood and plasma gluta- 
thione content in human cancer, 133 
tests, Wisconsin law on, 931 
transfusion, relation between subgroups and 
transfusion reactions, 150 
Trypanocidal Action See Trypanosomiasis 
vessels, specificity of anaphylactic vascular 
contractility of white rats, 802 
Body, surface area, determination by pliotog- 
raphy, 160 

Bollman, J L Susceptibility to to\lc agents 
altered by variations in glycogen and fat 
content of liver, 156 
Bones, Diseases See also Osteitis, etc 
fragility, deficiency osteoporosis, *742 
histology of, in paronychia, 132 
marrow , experimental studies demonstrating 
reciprocal relationship existing between 
lymphopoiesis and myelopoiesis, 160 
marrow in cirrhosis of liver, 155 
marrow nodule in pararectal fat, 483 
marrow, states of inhibition of, 127 
osteoid osteoma, 651 
sarcoma, biopsy in, 806 
sarcoma, experimental, 642 
sarcoma of ulna, 329 

tuberous sclerosis with unusual lesions of, 793 
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sis , M Uddstromcr 171 
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Rontgenbefund und pathologisch-anatomischer 
Befund be! Lungenkrankhelten Versuch 
einer kritischen Vergleichung , M Verse, 664 
Spleen and Resistance, D Perla and 3 Mar- 
morston, 335 

Textbook of Biochemistry, B Harrow and C 
P Sherwin, 334 

The Patient and the Weather, W F Petersen 
and M E Mllliken, 504 
Unfall und Hirngeschwulst Em Beltrag zur 
Aetlologie der Hirngescliwulste , 0 Mar- 
burg, 820 

Books received, 174, 336, 822, 966 
Bordet-Gengou Bacillus See Whooping cough 
Brain See also Cerebellum , Meninges , etc 
clianges in cerebral cortex produced by ther- 
mocoagulation, 312 

changes in gastro-intestinal infections with 
terminal cachexia, 130 
changes in leukemia, 794 

corticospinal fibers arising in premotor area 
of monkey, 313 

diffuse cortical contusion of occipital lobe, *523 
cnceplialomyelitis with myelin destruction ex- 
perimentally produced in monkeys 324 
glioma, nucleus-plasma relation of, 146 
hemorrhage, serpentine aneurysm of internal 
carotid artery with resulting encephalomala- 
cia and cerebral hemorrhage, *36 
marked deformity from meningeal cyst, 794 
softening , serpentine aneurysm of internal 
carotid artery with resulting encephalomala- 
cia and cerebral hemorrhage, *36 
pathogenesis and pathologic aspects of oto- 
genous intracranial lesions, 952 
tissue, normal and pathologic, new method of 
preserving, 153 

tumor, differential histologic diagnosis of In- 
tracerebral neurinoma, 331 
Breast, benign neoplasms of rat’s breast, 492 
cancer, methods of grading compared with 
clinical outcome 660 

cancer, therapeutic action of radium on spon- 
taneous mammary carcinoma of mouse, 646 
gelatinous carcinoma, 642 
hypertrophy, gynecomastia and cirrhosis of 
liver, 937 

relation of adenoma of umbilicus to apocrine 
sweat glands and to adenofibrosis of mam- 
mary gland, 131 

Breedis, C Lymphomatosis in relation to fowl 
paralysis, *379 

Bright’s Disease See Nephritis 
Brill’s Disease See Typhus 
Brinkhous, K JI Quantitative studies on blood 
coagulation, 163 

Brody Visceral pathology in scarlet fever, 
655 

Bronchitis and chronic tracheitis, unusual case 
497 

Bronchogenic Cancer See under Lungs, cancer 
Brucella Abortus See Bacteria, abortus and 
melitense group 

Brunner s Glands See under Duodenum 
Bugher, J C Determination of body surface 
area by photography, 160 
Burge, W E Mechanism of pathologic caicl- 
fleation. *690 


infections with termin'il cache'':!!, 130 

See also under Heart, Muscles, 

pathologic mechanism of, *690 
Calcium susceptibility to dental caries in rat 

rnd^corn ml *697*“' » 

Camero, A R Endometriosis of appendix 955 
Cancer See also Adenocarcinoma, Sarcoma 
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Cancer — Continued 

action of 1 2 5 6-dibenzanthiacene on 
Obelia geniculata, 940 
and arsenical keratoses, 491 
asslmilatory growth of, 808 
basal cell, dysontogenetic origin of, 170 
bearing of genetic work nlth transplanted 
tumors on genetics of spontaneous tumois In 
mice, 493 

blood and plasma glutathione content In, 133 
carbohydrate tolerance In, and effect of roent- 
gen radiation, 492 
colls, action of radium on, 043 
effect of goiter-producing diets on growth of 
carcinoma, sarcoma and melanoma In ani- 
mals, 947 

effect of malignant tumors on hjpophjsis, 14C 
e\tragenltal chorlo-carclnoma In man, 329 
genetic factors In etlologj of malignant 
tumors, 145 

growth-promoting and growth-inhibiting sub- 
stances from normal organs, 949 
In scar protected with insulating tape, 147 
influence of hormones on growth of carcinoma, 
sarcoma, and melanoma In animals, 146 
Influence of magnesium on growth of car- 
cinoma, sarcoma and melanoma, 804 
Inheritance, 332 

morphologic changes In cells forming epider- 
moid carcinoma, 162 

papillary syrlngocjstadenomatous ne\us and 
Its relation to mallgnancj , 148 
relation of heredity to cancel occurrence as 
shown In strain 73, 140 
relations of tissue metabolism to constitutional 
predisposition to, 495 

Roffo’s test, statistical results of 11,000 cases, 
491 

Schubert-Dannmeyer test for cancer 940 
so-called peripheral reaction of tumors and 
their metastases, 495 
squamous, metastasis In 489 
statistics, long-time trend of, 495 
studies on Internal organs of mice painted 
with carcinogenic agents, 328 
tar, cancer of skin and Inciease In Incidence 
of primary tumors of lung in mice e\posod 
to dust obtained from taried roads, 043 
tar , development of multiple tumors In tarred 
and radiated mice, 493 

tar epithelioma in sjmpathcctomlzed albino 
rabbit, 328 

tar, growth-promoting and growth-inhibiting 
properties In blood of mice resistant to tar- 
sarcoma, 043 

tar, review of recent literature (1927-1931 In- 
clusive) , 143 

Cannon, P It Effects of local immunization of 
upper respiratory tract of rabbits against 
pneumococcus, type I, 158 

Cantarow, A Lipids in liver of cat during bile 
stasis and biliary decompression *535 
Renal lesions following injection of sodium de- 
hydrocholate In animals with and without 
biliary stasis, *860 

Capillaries, new formation In Inflammatory tis- 
sue, 127 

Carbohydrates See also Dextrose , Glycogen , 
Starch, etc 

metabolism, effect of hypothalmic lesions and 
stimulation of autonomic nervous sjstem on 
313 

Carcinoid See Intestines, cancer 

Carcinoma See Cancer 

Carlson, L A Carcinoid of Jlcckel's diverti- 
culum report of 2 cases, *587 
Duplication of Meckel’s diverticulum with 
other congenital anomalies, *245 

Cams, M L Thrombocytopenic purpura asso- 
ciated with adenocarcinoma of stomach in 
joung adults, *247 

Cartilage rests in tongue 484 

transplantation of skin and cartilage in 
chickens, *28 

Casey, A E Study of standard breeds of rab- 
bits In relation to transplantable malignant 
tumor, 156 

Cataphoresls See Streptococci 


Cells See also Cancer, cells , Phagocytes , 
Tissue, etc 

c> toll tic and toxic properties of staphjlococcl, 
801 

giant radial Inclusions of, *005 
Inclusion, hcpato-adrenal necrosis with Intra- 
nuclear Inclusion bodies, 129 
Inclusion, In jellovv fever, 038 
reaction of normal and malignant cells to fat- 
soluble colored compounds which are In- 
soluble In water, 807 

structure and behavior In tissue cultures of 
tumors, 807 

Cerebellum, fiber and nuclear structures in 
hypoplasia of, 300 

Cerebrospinal Fluid, alkali reserve In blood and 
In spinal fluid In experimental acidosis, 135 
In experimental pollomjelltls of Macacus 
rhesus, 312 

sucrose demonstration of sucrose In spinal 
fluid of patient with acute encephalitis, t07 
Chambers, R Studies of melanoma In tissue 
culture, 001 

Chemotropism absence In Ijmphocjtes 102 
Cholesterol, effect of iodine on cholesterol- 
induced atherosclerosis, *337 
experimental cholesterol arteriosclerosis and 
Us relationship to human arteriosclerosis, 
*81, *259 

Chordoma, cranial, 148 
vertebral, 147 ’ 

Chorea Sj denham’s, latent cardiac complications 
following, 311 

Choriocarcinoma, cxtragenltal. In man, 329 
Christianson, 0 0 Arsenic necrosis of stom- 
ach after intravenous injection of neoars- 
phcnamlnc, *891 

Xccrosis of stomach following Intravenous In- 
jections of ncoarsphenamlno 500 
Cicatrix, skin carcinoma In scar protected with 
Insulating tape, 147 

Clcconc, E F Djsontogcnetic origin of basal 
cell carcinoma 170 

Cltochol (Sachs-Wltebslcy) Reaction See under 
Syphilis 

Clavicle, changes In sternoclavicular joint in re- 
lation to age, 797 

Clawson, B J Experiments relative to vac- 
cination against tuberculosis with Calmette- 
Gu6rln bacillus (BCG), *343 
Coggeshall, L T Clinical and experimental 
studj of macrophage sjstem of lungs In re- 
lation to recoverj from lobar pneumonia, 
810 

Cold , behavior of Rous tumor virus to freezing, 
328 

Collodion membranes graded, calibration of 490 
Colloids , base-proteln-acld compounds, *083 
Coman, D R Ayerza’s disease, 954 
Neuroblastoma of adrenal medulla (HutUiln- 
son’s tjpo), 100 

Unusual case of chronic trachoitis and 
bronchitis, 497 

Communicable diseases, effect of acute diseases 
on reaction of skin to tuberculin, 798 
Complement, preservation, 048 
preservation of sheep erythrocjtes for com- 
plement fixation, 047 
Congress See under Societies 
Conjunctiva , specificity of conjunctival Infection 
In monkeys following inoculation with 
trachomatous tissue, 141 
Cook, E P Carcinomatous cirrhosis of liver 
with sarcomatosls of peritoneum, 813 
Cooper, P B Forceps and retractors made 
from safety-pins, *900 

Corn oil , susceptibility to dental caries In rat 
Influence of calcium, phosphorus, vitamin D 
and corn oil *097 
Syrup See Glucose 

Corynbacterla See Bacteria, cornjbacteria 
Coronary Artery See Arteries, coronarj 
Coroner, resolution In regard to coroner’s office, 
305 

Coryza See Respiratory Tract, diseases 
Courvllle, C B Diffuse cortical contusion of 
occipital lobe, *523 
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Coiinllle, C B— Continued 
Pattiogenesis and pathologic aspects or oto- 
genous intracranial lesions, 952 
Cranloracliiscliisis See Monsters 
Cranium, chordoma, 148 

involvement of cranial bone in meningioma, 
147 

Culbertson, J T Trjpanocidal action of normal 
human serum, *767 

Custer, R P Histology of hemopoietic tissues 
in liemophiUa 957 

Cutler 0 I Embedding in glycol stearate, *445 
Cyanosis, cyanotic atrophy of liver, wav model 
reconstruction, *837 

C>st, basal cell carcinoma with cyst formation, 
495 

Cysticercus celhilosae, meningo-encephalitis 
caused by, 131 

Czametzhy, E J Proteolytic enzymes of mono- 
cytic and poljmorphonuclear pleural exu- 
dates, *233 

Davis, J E Morphologic changes in cells 
forming epidermoid carcinoma, 162 
Death, histology of extramural cardiac nervous 
system in cases of sudden death, 796 
Decidua ectopic decidual reaction and its sig- 
niflcancc in endometriosis 319 
Dementia praecox, fund for studj of, 791 
Devereux, J W Cyanotic atrophj of liver, 
wax model reconstruction, *837 
Dextrose See also Carbohydrates 

ammonia production by sarcoma , sparing 
effect of carbohydrate, 490 
carbohydrate tolerance in cancer and effect of 
roentgen radiation, 492 
utilization of simple derivatives of glucose by 
mouse sarcoma, 490 

Diabetes Mellltus, action of acetone and of he- 
tone bodies present in diabetic blood on 
heart, 479 

endocrine glands, changes in, 482 
Diaphragm, rupture following slight trauma, 149 
Dibenzanthracene See Benzanthracene 
Dich Reaction See Scarlet fever 
Diet, susceptlbllltv to dental carles in rat, in- 
fluence of orange juice and acid-base bal- 
ance of diet *857 

Digestive Tract See Gastro-Intestlnal Tract, 
Intestines Stomach , etc 
Di-Nitrosoresorcinol See Nitrosoresorclnol 
Diphtheria antitoxin in blood of population in 
town of lava, 802 

individual as factor in antidiphtheria immun- 
ity, 945 

mixed streptococcodiphtlierltic Infection, 637 
Dixon H SI' Absence of cliemotropism of 
lymphocytes, 162 

Doan, C A Experimental studies demonstrat- 
ing reciprocal relationship existing between 
lymphopoiesis and myelopolesis, 160 
Dopa See Oxyphenylalamlne 
Doub, H P Effect of artificial fever on acute 
tuberculosis in experimental animals, 100 
Douglass, J E Value of chemical and patho- 
logic observations in pneiimonoconiosis with 
emphasis on silicosis and sllicotuberculosis, 
500 

Drummond D H Determination of body sur- 
face area by photography 160 
Duff, G E Experimental cholesterol arterio- 
sclerosis and its relationship to human 
arteriosclerosis *81 *259 
Duodenum healing of artificial defects of duo- 
denal mucosa 314 

hyperplasia of Brunner’s glands 936 
Dwarfism associated with lingual goiter and 
cystic hypophysis *64 
Dyes See Stains and Staining 
Dysentery Amebic See Amebiasis 
bacillary, in infants and children, 325 

Eberthella Dysenteriae Sonne See under 
Dysentery 

^'^^'^23? ^ Spirochetal abscess of liver, 

Ectromelia infectious, experiments nith virus 


Edema, relation of plasma proteins to ascites 
and edema in cirrhosis of liver, 134 
Egovllle 3 Paraganglioma (7) of adrenal 
medulla, 165 

Ehrlich, 3 C Histogenesis of lymphosarcom- 
atosis, 652 

Eklund, C M Etiology of amyloid disease, 
163 

Electricity, artefacts in central nervous system 
in relation to changes ascribed to electric 
current, 485 

changes in central nervous system due to, 
485 

Elephantiasis, congenital partly malignant neo- 
plasm of sciatic nerve with consecutive 
elephantiasis, 148 

Embolism, fat content in blood of right side 
of heart In case of fatal fat embolism, 
814 

Encephalitis See also Encephalomyelitis, 
Mcningo-Encephalitis 

acute, demonstration of sucrose in fluid of 
patient with, 307 
congenital, case of, 935 
experimental studies, 139 
hemorrhagic, 312 

immunity in epizootic fox encephalitis, 799 
survival of virus (St Louis type) in Ano- 
pheles ffuadrlmaculatus, 322 
Encephalomyelitis, eaulne, transmission by Aedes 
aegyptl, 164 

produced by neurotropic yellow fever virus, 
143 

with myelin destruction experimentally pro- 
duced in monkeys, 324 

Endarteritis, carcinomatous, of pulmonary ves- 
sels resulting in failure of right ventricle, 
640 

Endocarditis, acute valvular, in new-born *582 
relationship between rheumatic and subacute 
bacterial endocarditis, 137 
"roughness" in streptococcus cultures from, 
324 

subacute bacterial, myocardial lesions in, 120 
with xanthoma of heart, 935 
Endocrine Glands, changes in diabetes mellltus, 
482 

Endometrioma, hormonal origin of, *22 
Endometriosis See under Endometrium 
Endometrium, diffuse sarcoma of, report of 
case, 662 

ectopic decidual reaction and Its significance 
in endometriosis, 319 
endometriosis of appendix, 955 
endometriosis of umbilicus, 319 
Endothelium See Beticulo-Endothellal Sys- 
tem 

Enteritis See Amebiasis , Dysentery 
Enzymes, proteolytic of monocytic and poly- 
morphonuclear pleural exudates, *233 
Bosinophllia , acute eosinophilic leukemia, 316 
Eperythrozoa See Blood, parasities 
Epithelioma, tar, in sympathectomized albino 
rabbit, 328 

Erf, L A Experimental studies demon- 
strating reciprocal relationship existing 
between lymphopoiesis and myelopolesis, 
169 

Erythroblastosis See Hematopoietic System 
Erythrocontes See under Erythrocytes 
Erythrocytes, elliptical human, 131 
erythrocontes and erythropolesis in pernici- 
ous anemia and in embryo 792 
fluctuations in basophilic aggregation counts 
with meteorologlc alterations, 501 
Erythrocytopolesls See under Erythrocytes 
Erythroleukoblastosis See under Hemato- 
poietic System 

Erythropolesis See under Erythrocytes 
Esophagus, acute ulcerative esophagitis, patho- 
logic and clinical study of 82 cases ob- 
served at necropsy, *369 
dilatation 483 

with structure of esophagus, 

simple superficial esophageal cast, 634 
tuberculosis, primary, 936 
Etlivlene dicliloride poisoning, fatal, 149 
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Estrin See Hormones, se\ 

Ewing's Sarcoma See Sarcoma 
Extremities, malformation of lower extremities 
(sirenomeliis) , 794 

Exudates, proteoljtic enzjmes t)f monocjtic and 
poljmorphonuclear pleural exudates, *231 

Fat See also Lipoids 
Embolism See Embolism 
pararectal, bone marrow nodule in, 483 
staining, reaction of normal and malignant 
cells to fat-soluble colored compounds 
which are insoluble in water, 807 
tissue in thyroid adenoma, 703 
Fetterman G H Vascular lesions in sur- 
gically excised stomach, *'189 
Fetus , erj tlirocontcs and erj thropolesls in per- 
nicious anemia and in embryo, 792 
Fever See also Tjphoid, Ijphus, Lndulant 
fever , etc 

lipids in leuhocjtcs in fc\er and Infection, 
13G 

therapeutic , effect of artificial fever on acute 
tuberculosis in experimental animals, 100 
therapeutic , patliologio changes resulting 
from accuratelj controlled artificial fcicr, 
159 

Fibrin, fibrinous balls in urinary bladder, 034 
Fibrlnoljsin See Blood, fibrin 
Flbro-adenoma , benign neoplasms of rat’s 
breast, 492 

Fibroblasts See Tissue, connective 
Fibroids , hormonal origin of uterine fibroids 
hypothesis 949 

Fibroma , benign neoplasms of rat’s breast, 
492 

Fllum Tormlnale See Spinal Coid 
Fischer, M H Baso-protcln-acld compounds, 
■*083 

Fistula, spindle cell sarcoma arising in fistulous 
tract, 058 

Fleisher, M S Studies on spontaneous re- 
covery from pneumococcic infection in 
guinea-pig, *40 

Fluorides , mottled enamel in cattle 479 
Fog causes of deaths associated with fog in 
valley of Meuse 150 

Foley, J A Well s disease , report of case 
with postmortem observations and reilew of 
recent literature, '*447 
Polllculosls See Conjunctiva 
Food poisoning, is a special varletj of staplix- 
lococcus concerned in food poisoning? 140 
Foord, A G Mixed tumor of fundus uteri, 
953 

Foramen Ovale See Heart, abnormalities 
Forceps and retractors made from safety-pins, 
■*900 

Foreign Bodies, embolic transmission of rub- 
ber catheter into heart in abortion 151 
Intravascular migration of projectiles, 150 
Frambesla, pathology of jaws. Its relation to 
syphilis, '*590 
Freezing See Cold 

Friedlander’s Bacillus See Bacteria, mucosus 
capsulatus group 

Frog, tumors of frog ‘ Rousse,” 330 
Fungi poisonous, central nenous sjstem in 
mushroom poisoning, 130 
Furth, J Lymphomatosis In relation to fowl 
paralysis, ’*379 

Gafford, J A , Jr Pathology of vaginitis due 
to trichomonas, 951 

Gallbladder, bile from human gallbladder, studj 
of, 101 

leiomyosarcoma of gallbladder, 901 
Ganglioneuroma in neck of child, 805 
neurocytoma denied from ganglioneuroma of 
hypogastric plexus, 804 
Gastric Ulcer See under Stomach 
Gastro-Intestinal Tract, cerebral changes in 
gastro-mtestinal infections with terminal 
caehexla, 130 

Gebhardt, L P Therapeutic and prophylactic 
limitations of poliomyelitis Immune serum. 
100 


Gelatin, decomposition of tuberculoprotein, 
starch and gelatin by dry grinding, 938 
Gelehrtcr, J Dysontogenetic origin of basal 
cell carcinoma, 170 

Gerber, I E Histogenesis of Ijmphosar- 
comatosls, 052 

von Gierke s Disease See Glycogen, in liver 
and muscle 

Glandular leicr Sec Mononucleosis 
Glioma cerebral nucleus-plasma relation of, 
140 

in dog and pinealoma in slher fox (Vulpes 
fulvus), 949 

Glomerulonephritis See Xephrltls, glomerular 
Glucose anaplij lactogenic properties of malted 
sugirs and corn syrup, 798 
d-Glucoso Sec Dextrose 

Glutathione In Blood See Blood, sulphur 
compounds 

Glycogen, histologic demonstration In muscle, 
017 

in liter and muscle, neuroblastoma of 
adrenal gland with hepatic metastasis 
simulating von Gierke’s disease 105 
Glycol stearate, embedding in, ’*445 
Glynn, J H Application of gram stain to 
paraflln sections, *890 
Goiter See also Thyroid 
effect of goiter-producing diets on growth of 
carcinoma, sarcoma and melanoma in ani- 
mals 947 

exophthalmic , histologic structure of remain- 
ing portion of thtrold after cure of exoph- 
thalmic goiter by subtotal thyroidectomy, 
481 

lingual dwarfism associated with lingual 
goiter and cystic hypophysis, *04 
Gold salts, renal lesions produced by, 120 
Goldstein, A J Reflection of meteorological 
influences in serum reactions (Wassor- 
mann Kahn etc ) 103 

Gonads See also Endocrine Glands, 0\arj , 
Testicles 

tumors Injury in genesis of 043 
Gowen, G H Fluctuations in basophilic ag- 
gregation counts with meteorologic alter- 
ations, 501 

Gram Stain Sec Stains and Staining 
Grants in aid of research, 305 
Granulocytopenia See Angina, agranulocytic 
Grayes Disease See Goiter, exophthalmic 
Gross, P Forceps and retractors made from 
safety -jilns, *900 
Gumma See Syphilis, tertiary 
Gynecomastia See Breast, hypertrophy 

Hagerty, C S Cyanotic atrophy of liver, 
yyax model reconstruction, *837 
Hanan, E B Isolation of tuberculln-llke sub- 
stance from urine of patients with aetlve 
tuberculosis and its practical application 
as aid In diagnosis, 309 
Haptens See Anaphylaxis and Allergy, Anti- 
gens and Antibodies , Immunity 
Hardgrove, M Renal denervation , effect of 
dally Injections of colon bacilli and pltres- 
sin on denervated kidney of dog *548, 812 
Hartman, F W Pathologic clianges resulting 
from accurately controlled artificial feyer, 
159 

Heart See also Blood, circulation , Endocard- 
itis , Mitral value Pericarditis , etc 
abnormalities, unusual anomalous band of 
left auricle, 793 

action of acetone and of ketone bodies 
present in diabetic blood on heart, 479 
Aschoff bodies in myocardium, 317 
basophilic degeneration of heart muscle, 633 
block due to calcareous lesions of bundles 
of His, 633 

blood-filled cysts on cardiac valves in in- 
fancy, 481 

carcinomatous endarteiltis of pulmonary ves- 
sels resulting in falluie of right ventricle, 
640 

cardlovalvular disease presumptiyely syph- 
ilitic in origin, 2 cases *175 
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Heart— Continued , . , , 

complications following Sydenham’s chorea, 
311 

emhohc transmission of rubber catheter Into 
heart in abortion, 151 „ , , , 

fat content m blood of right side of heart In 
case of fatal fat embolism, 814 
gumma, report of 2 cases, *429 
histology of e-^tramural cardiac nervous sys- 
tem in cases of sudden death, 796 
infarct, localization according to component 
ventricular muscles, 31G 
myocardial lesions in subacute bacterial 
endocarditis 129 

Kheumatic Disturbances See under Rheu- 
matic Fever 

rupture of heart and intraperlcardlal struc- 
tures, traumatic, 149 
thyrotovic myocardial changes, 133 
Heilbrun, N Effect of injection of bilirubin 
and bile salt on van den Bergh reaction, 
502 

Hemagglutinins See Agglutinins 
Hemangioblastoma, multiple, of spinal cord 
with syringomyelia (Lindau’s disease), 329 
Hemangioma, malignant, of lung with multiple 
metastases, 805 

Hematopoietic System See also Blood , Ery- 
llvrocytcs 

behavior of transplanted spleen wltli refer- 
ence to tissue differential of hemopoietic 
organs, *216 

diseases “spot” preparations in postmortem 
diagnosis of, 647 
erythroblastosis, 806 
hematopoietic tissues in hemophilia, 317 
Hemochromatosis 136 

Hemoglobinochoha See Bile, hemoglobin in 
Hemophilia, hemopoietic tissues in, 317, 957 
Hemophilus Pertussis See Whooping cough 
Hepatectomy See under Liver 
Hepatitis See under Liver 
Heredity, mouse leukemia role of heredity in 
spontaneous cases, *709 

Hertzog, A J Carcinoid of Heckel’s di- 
verticulum, report of 2 cases, *587 
Hirsch, E F Radial Inclusions of giant cells, 
*665 


Histamine and leukocytosis, *209 
mechanism of acute inflammation, *561 
poisoning effect of hypophysectomy on natural 
resistance of adult albino rats to, *222 
Hodgkin s Disease See Lymphogranuloma 
Hormones See also Endocrine Glands , and 
under names of glands 
hormonal origin of uterine fibroids, hy- 
pothesis, 949 

influence on growth of carcinoma, sarcoma 
and melanoma In animals 146 
sex , conditions Induced by estrogenic 
compounds in coagulating gland and pros- 
tate of mouse, 947 

sex, hormonal origin of endometrioma, 
a hypothesis, *22 

Houghton, J D Weil’s disease, report of 
case with postmortem observations and re- 
view of recent literature, *447 
Hoverson, E T Reflection of meteorological 
influences in serum reactions (Wasser- 
mann, Kahn, etc), 163 

Hubbard, R S Demonstration of sucrose m 
cerebrospinal fluid of patient with acute 
encephalitis, 307 

Effect of Injection of bilirubin and bile salt 
on van den Bergh reaction, 502 
Fat content in blood of right side of heart 
in case of fatal fat embolism, 814 
Hueper, W C Spontaneous arteriosclerosis 
in rats, *708 

Humphrey, A A Dl-nitrosoresorclnol a nen 
specific stain for iron in tissues, *256 
Hjdatid Mole See Uterus 
Hydrogen ion concentration, influence of pa on 
dissociation of Bacillus Friedlander and 
aij cobacterium tuberculosis, 487 
Hydrophobia See Rabies 


Hyland C M Tetany m 6 week old infant, 
952 , . , 

Hyperparathyroidism See Parathyroid 
Hypersensitiveness See Anaphylaxis and 

Hyperthyroidism See Goiter, exophthalmic , 
Thyroid 

Hypogastric plexus, neurocytoma derived from 
ganglioneuroma of, 804 

Hypophysectomy See Pituitary Body, excision 
Hypophysis See Pituitary Body 
Hypothalamus See also Pituitary Body 
effect of hypothalamic lesions and stimula- 
tion of autonomic nervous system on car- 
bohydrate metabolism, 313 
hypothermia in hypothalamic lesions, 313 


Icterus See Jaundice 
Ileus See Intestines, obstruction 
Immunity See also Anaphylaxis and Allergy, 
Antigens and Antibodies , Blood, groups , 
etc 

and hypersensitiveness to foreign proteins, 
943 

are there limits to capacity for immunologic 
responses? 157 

grading of local skin reactivity to bacterial 
filtrates 941 

lipid content of livers of non-immimlzed and 
immunized horses 134 

local dispersion of infectious agents as factor 
in resistance, 942 

proteolytic enzymes of monocytic and poly- 
morphonuclear pleural exudates *233 
Industrial Diseases cause of deaths associated 
with fog in Valley of Meuse, 150 
Infants, new-born, acute valvular endocarditis 
in, *582 

new-born, generalized tuberculosis in, 166 
new-born histology of mldollvary region of 
medulla oblongata in 128 
new-born, weight of thymus in, 484 
Infections , lipids in leukocytes in fever and 
infection, 136 , 

Infectious Diseases See Communicable diseases 
Inflammation, acute mechanism of, *561 
and bacterial invasiveness, 499 
in syphilitic and nonsyphilitlc rabbits, 956 
new formation of capillaries in inflammatory 
tissue 127 

Instruments See also Apparatus 
forceps and retractors made from safety-pins, 
*900 

Internal Secretions See Endocrine Glands 
International Congress for Microbiology, 477 
Intestines See also Duodenum, Gastro-Intes- 
tinal Tract 

aberrant pancreatic and insular tissue In wall 
of jejunum 950 

cancer, carcinoid tumors of small Intestine, 
494 

cancer m rats, 645 

carcinoid of Meckel’s diverticulum, report of 
2 cases, *587 

diverticula, duplication of Meckel's dlver- 
tlcululn with other congenital anomalies 
*245 


lipoma you 

malignant tumors of, 330 
obstruction leukemic sinus reticulosis (mono- 
cytic leukemia) 950 

tumor in wall of jejunum composed of pan- 
creatic tissue, 956 
Intranuclear Inclusions See Cells 
Iodine and Iodine Compounds, effect on cho- 
lesterol-induced atherosclerosis *337 
reaction of pulmonary tissue to lipiodol, 633 
Iron, blood plasma protein regeneration con- 
trolled by diet 478 

^^Uss™es!‘’*l56'‘““^ 

Irradiation See Radium, Roentgen Rays, and 
under names of diseases and organs 

rhosm of Hver^fs”'" 

Iso-Agglutinins See Agglutinins 
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Jacobs, W r Massne miicoitl carcinoma of 
stomach, 502 

Jaffe, H Ii Osteoid osteoma G51 
Jafffi, R H Natuic of anemia in acute leu- 
hernia, *725 

Jaundice, spirochetal, Weil’s disease report of 
case nith postmortem observations and 
review of recent literature *447 
vitamin A deficiency In spite of adequate diet 
in congenital atresia of bile ducts and 
jaundice, *845 

Javert C T Fat content in blood of right side 
of heart in case of fatal fat embolism 814 
Jan tumors, changes in teeth in 797 
Jeghers H J Weil’s disease , report of case 
with postmoitem observations and review of 
recent literature, *447 
Jejunum See Intestines 

Jergesen, F H Late changes in liver induced 
by mechanical obstruction of liepatlc veins 
*571 

Jobling J W Efiect of iodine on ciiolcsterol- 
indiiced atherosclerosis, *337 

Kahn, R L Are there limits to capacity foi 
immunologic responses’ 157 
Kahn Test Sec also Sypliills 
leflectlon of meteorological influences in 
serum reactions (Wassermann, Kahn, etc), 
1G3 

Kala-Azar Sec Leishmaniasis 
Karshan, M Susceptibility to dental caries in 
rat , influence of calcium pliosphorus, 
vitamin D and corn oil *G97 
Susceptibility to dental caries in rat influ- 
ence of oiange juice and acid-base balance 
of diet *857 

Keefer, C S Gioss and histologic changes in 
hnee joint in rheumatoid arthritis, *507 
Kennedy P J Histamine and Icuhocytosls, 
*209 

Keratosis arsenical, and caicinoma 491 
Kessel J F Pathology of vaginitis due to 
trichomonas 951 

Kesten, H D Early incidence of spontaneous 
medial degeneration ( ‘arteriosclerosis”) in 
aorta of rabbit, *1 

Effect of iodine on cholesterol-induced athero- 
sclerosis *337 

Kidneys amyloid contracted Kidneys 795 

antlgrovvth effect of lipoid fractions of tissue 
extiacts, 312 

arteriosclerotic contraction of, glomerular 
changes in, 480 
contracted solitary Kidney, 79C 
cystic disease, 319 

damage from diet containing evccss inorganic 
phosphate 479 

denervation , effect of daily injections of colon 
bacilli and pitressin on denervated kidney 
of dog *548, 812 
Diseases See also Nephritis 
diseases, enlargement of parathyroids in, 128 
filtration and secretion in human kidney 9G1 
function urea ratio as measure of 135 
Glomerulonephritis See Nephritis, glomer- 
ular 

histologic changes in adrenalectomlzcd rats, 
125 

lesions following injections of sodium dc- 
hydrocholate in animals with and without 
biliary stasis, *866 
lesions produced by gold salts, 12G 
physiology , third dimension in pathologic 
investigation, 962 
rupture of renal pelvis 634 
tumor, embryonal nephroma in sheep 144 
tumor, fibrinous balls in urinary bladder in 
case of renal tumor, 634 
tumors , neoplastic disease of Kidneys of frog 
491 

tumors, nephrogenic tumors, 494 
Knee, gross and histologic changes in rheuma- 
toid arthritis *507 


Krovise, R Klechanlsni of pathologic calcifi- 
cation, *690 

Krumbliaar, E B Histology of hemopoietic 
tissues in hemophilia, 057 

Langenstrass, K H Rcticulo-endothclial sar- 
coma of spleen , report of case, *752 
Lcbowlch, J Deflclencv osteoporosis *742 
Leiomyosarcoma, primary gastric, report of 2 
cases, *590 
of gallbladder, 961 
uteri tllffcrent forms of, 959 
Lclslimanlasls, transmission by oroiiasal secre- 
tions, 138 

Leprosy, pathologic and anatomic changes in 
so-called leprosy of rats, 794 
LcuKcmla, acute eosinophilic, 316 
acute, nature of anemia in, *725 
brain changes In, 794 

lymphatic, effects of gamma rays of radium 
and of roentgen rays on limphomatosls of 
mice, 806 

lymphatic, histogenesis of, 128 
lymphatic, lymphomatosis in relation to fowl 
paralysis, *379 

monocytic, Auer’s bodies in, 514 
monocytic (leukemic sinus reticulosis), 950 
mouse, metabolic studies in, 493 
mouse , role of heredity In spontaneous cases 
•709 

transmissible by spindle-cell sarcoma in 
mouse, 644 

Leukocytes See also Lymphocytes, llono- 
nucleosls 

count, histamine and leukocytosis, *209 
cultures in vitro, 314 

degenerative changes in blood leukocytes, 498 
effect of ionized air on leukocytic blood pic- 
ture of guinea-pigs, 315 
lipids in leukocytes in fever and infection, 
136 

Leukocytosis See Leukocytes count 
Leukopenia See Angina, agranulocytic 
Leukosis See Leukemia 

Levy, J G Spindle cell sarcoma arising in 
fistulous tract, 658 

Llebcr AI AI Histamine and leukocytosis, 
•209 

Lipids In liver of cat during bile stasis and 
biliary decompression *535 
Light, photodynamic effect of methylene blue 
on tetanus toxin, 944 
Llndau’s Disease Sec Angioma 
LIpcmIa Sec under Blood 
Lipids See Lipoids 

Liplodol Sec Iodine and Iodine Compounds 
Lipoid Granulomatosis See Schuller-Clirlstian 
Syndrome 

Lipoids See also under Cholesterol, Fat, etc 
nntigrowth effect of lipoid fractions of tissue 
extracts 312 

lipids in liver of cat during bile stasis and 
blllaiy decompression, *535 
Lipoma of intestine, 950 

Lips, round-cell, spindle-cell and neurogenic 
sarcomas of, 492 

Llpschutz’s Cells See Cells, inclusion 
Liver, abscess due to Friedlander’s bacillus 649 
antigrowth effect of lipoid fractions of tissue 
extracts, 312 

cancer bile pigment formation in metastases 
of 807 

cirrhosis and gynecomastia, 937 
cirrhosis, bone marrow in, 155 
cirrhosis, carcinomatous, with sarcomatosis of 
peritoneum, 813 

cirrhosis, relation of plasma proteins to ascites 
and edema in, 134 

cyanotic atrophy of liver, wax model recon- 
struction, *837 

effect of peritoneal resorption on liver, 935 
effect of total hepatectomy on blood fats 163 
infarction, 318 633 

late changes Induced by mechanical obstiuc- 
tlon of hepatic veins, *571 
lipid content of livers of non-lmmuiiized and 
immunized horses 134 
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Liver — Continued , , , , 

lipids in liver of cat durniB bile stasis and 
biliary decompression, *535 
necrosis, hepato-adrenal necrosis with intra- 
nuclear Inclusion bodies, 129 
neuroblastoma of adrenal gland with hepatic 
metastasis simulating von GlerLe s disease. 


spirochetal abscess of, *233 
susceptibility to toxic agents altered by varia- 
tions in glycogen and fat content of, loo 
Loeb, L Transplantation of skin and cartilage 
in chickens, *28 

Long, E R Clinical and pathologic notes on 
case of healed pulmonary tuberculosis. 108 
Lungs See also Respiratory Tract 

cancer, bronchlogenic cancer combined with 
tuberculosis of lungs 803 
cancer, entidifferentiation in bronchogenic 
carcinoma, 948 

cancer of skin and increase in incidence of 
primary tumors of lung in mice exposed to 
dust obtained from tarred roads, 643 
cancer, primary, 327, 805 
cancer, relation of cell type to metastasis in 
bronchogenic carcinoma 948 
carcinomatous endarteritis of pulmonary ves- 
sels resulting In failure of right ventricle 
640 

clinical and experimental study of macrophage 
system of lungs In relation to recov erj from 
lobar pneumonia, 810 

fixation in inflated state, simple apparatus 
for, *77 

malignant hemangioma with multiple metas- 
tases, 805 

passage of bacteria from lungs into blood 
stream, 140 

reaction of pulmonary tissue to liplodol, 033 
Tuberculosis See Tuberculosis, pulmonary 
Lymph Nodes See also Lymphogranuloma 
formation of agglutinins within lymph nodes, 
943 


generalized primary anglosarcomatosls of, 
*760 

histogenesis of lymphosarcomatosis, 652 
metabolic studies in mouse leukemia, 493 
reticular reactions and functions of splenic 
lymph follicles 482 

Lymphadenosis See Leukemia, lymphatic 
Lymphangitis, case of thrombolymphangitls of 
thoracic duct associated with abdominal 
symptoms necessitating exploratory lapa- 
rotomy, 654 

Lymphatic System, experimental studies demon- 
strating reciprocal relationship existing be- 
tween lymphopoiesis and myelopolesis, 160 
Lymphocytes See also Leukemia, Leukocytes 
absence of chemotroplsm of 162 
Lymphogranuloma inguinal, pathology of, 957 
Inguinal virus of, 635 

tumor-like forms of lymphogranulomatosis. 


Lymphomatosis See Leukemia, lympliatic 
Lymphopoiesis See Lymph itic System 
Lymphosarcomatosis, 652 
Lynch, J Spirochetal abscess of liver, *253 


McCutcheon, M Absence of chemotropism of 
lymphocytes, 162 

McDermott, E B Are there limits to capacity 
for immunologic responses? l57 
MacDowell, E C Mouse leukemia role of 
heredity in spontaneous cases *709 
McFarland, J Dysontogenetic origin of basal 
cell carcinoma 170 

MePhedran F JI Clinical and pathologic 
notes on case of healed pulmonary tuber- 
culosis, 168 

Macrophage See Phagocytes 
Mad Itch See Pseudorabies 
Maddock, S Effect of total hepatectomy on 
blood fats, 163 

Magnesium influence on growth of carcinoma, 
sarcoma and melanoma, 804 


Major, B C Effect of artificial fever on acute 
tuberculosis in e'^penmentil animals, 160 
Pathologic changes resulting from accurately 
controlled artificial fever, 159 
Malformations See Abnormalities 
Mult, anaphylactogenic properties of malted 
sugars and corn syrup 798 
Malta Fever See Undulant fever 
JIammary Gland See Breast 
Mann, F C Susceptibility to toxic agents 
altered by variations In glycogen and fat 
content of liver, 156 

Martin, D S Pertussis, production of inter- 
stitial mononuclear pneumonia with Bordet- 
Gengou bacillus, 155 

Masons, Scottish Rite Masons donate fund for 
study of dementia praecox, 791 
Mathews, R Aberrant pancreatic and insular 
tissue In wall of jejunum 956 
Matthews, W B Duplication of spinal cord 
with spina bifida and synngomyella, *882 
Meckel's Diverticulum See Intestines, diver- 
ticula 

Medulla oblongata, histology of mldolivary re- 
gion of. In new-born iniant, 128 
Meeker, D R Effect of iodine on cholesterol- 
induced atherosclerosis, *337 
Meeker, L H Different forms of leiomyosar- 
coma uteri, 959 

Diffuse sarcoma of endometrium, report of 
case, 662 

Leiomyosarcoma of gallbladder, 961 
Megakaryocytes See Bones marrow 
Melanoma, effect of goiter-producing diets on 
growth of carcinoma, sarcoma and mela- 
noma in animals, 947 
in tissue culture, 661 

influence of hormones on growth of carcinoma, 
sarcoma, and melanoma In animals 146 
influence of magnesium on growth of carci- 
noma, sarcoma and melanoma, 804 
melanotic neoplasms of skin, 489 
Melnlck, P T Generalized primary anglosar- 
comatosls of lymph nodes *760 
Meninges, cyst, marked deformity of brain from, 
794 

pathogenesis and pathologic aspects of 
otogenous intracranial lesions, 052 
Meningioma, involvement of cranial bone in, 
147 

Meningitis See also Meningococci, Meningo- 
Enceplialitis 

epidemic, isolated outbreak of, 323 
lymphocytic, new virus causing, 035 
tuberculous, in children, 636 
tuberculous, spinal fluid in, 154 
Meningococci , subfreezing temperature in pre- 
seiving meningococci, 636 
type I meningococcus specific substance 943 
Menlngo-Encephalltis See also Encephalitis, 
Meningitis 

caused by Cysticercus cellulosae, 131 
Menkln, V Inflammation and bacterial in- 
vasiveness, 499 

Merrill, M Transmission of equine ence- 
phalomyelitis by Aedes aegypti, 164 
Mesentery, cyst with structure of esophagus. 


iuesogiioma or brain, 147 

Meteorology, fluctuations in basophilic aggre- 
gation counts with meteorologic alterations, 
501 

reflection of meteorological influences In 
serum reactions (Wassermann, Kahn, etc ) , 

relation of health to solar eruptions, 315 
Methylene Blue See Methylthionine chloride 
Methylthionine chloride, photodynamic effect of 
methylene blue on tetanus toxin, 944 
Meuse cause of deaths associated with fog in 
valley of 150 

Milk, anaphylactogenic properties, 797 
group specific substances in fresh human 
milk and in milk stains 151 
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Milk — Continued 

variations in catapliorctlc mobilities of 
streptococci isolated weekly for 1 year 
from nasopharynges of 2 groups of well 
persons, from raw milk and from labo- 
ratory strains, 164 

Milles, G Renal denervation , effect of daily 
injections of colon bacilli and pltrcssln on 
denervated kidney of dog, *548, 812 
Mineral metabolism, correlation of mineral 
metabolism and vegetative nervous system 
in thyroid disease, 125 
Mitochondria See under Cells 
Mitral valve, cardiovalvular disease presump- 
tively syphilitic in origin, 2 rare cases, 
*175 

vanthoma of heart, 935 

Moench, G L Diffuse sarcoma of endo- 
metrium , report of case, GG2 
Mogavero, F Endometriosis of appendlv, 955 
Moles See NevI 
Monocytes See Leukocytes 
Mononucleosis, infectious, hemolytic antibodies 
for sheep and o\ erythrocytes in, 039 
Infectious , heterophlllc antibodies in gland- 
ular fever, G40 
minor hemagglutinins, 498 
Monsters See also Abnormalities 
cephalic, a\lal skeleton in anencephaly and 
cranlorachischisls, 485 
slrenomelus, 794 

Moolten, S E Simple apparatus for Ovation 
of lungs in inflated state, *77 
Moon, V H Histamine and leukocjtosis, *209 
Mechanism of acute inflammation, *5G1 
Moore, J A Atrophy of cortev of adrenal 
gland with Addison’s disease, G49 
Morgan, J U B Parathyroid glands , histo- 
logic study of parathyroid adenoma, *823 
Morrison, P J Study of bile from human 
gallbladder, 161 

Mosquitoes, survival of encephalitis virus (St 
Louis typo) in Anopheles quadrimaculatus, 
322 

transmission of equine enccphalomjclltis bj 
Aedes aegypti, 164 
Mumps See Parotitis 

Muscles, histologic demonstration of gljcogcn 
in, 647 

longitudinal, possible functional slgnillcance 
in adrenal veins In man, *9 
pathologic calciflcatlon mechanism of, *690 
Mushroom Poisoning See Fungi, poisonous 
Mycobacteria See under Bacteria 
Myeloma, hj perprotclnemla in multiple mye- 
loma, 949 
multiple, 143, 146 
Myelopoiesis See Bones, marrow 

Myocardium See under Heart 

Myositis, ossifying, phosphatase in, 133 
primary polymyositis, 481 
Myxosarcoma, 803 

Nasopharynx, variations In cataphoretic mobil- 
ities of streptococci Isolated weekly for 1 
year from nasopharynges of 2 groups of 

well persons, from raw milk and from 

laboratory strains, 164 
Neck ganglioneuroma in child 805 
Nedzel A J Effect of pressor reactions on 
bacterial localization in central nervous 
system, 155 

Negri Bodies See Rabies 

Neild H W Mechanism of pathologic calci- 

flcatlon, *690 

Neoarsphenamine See Arsphenamine 
Neoplasms See Tumors 
Nephritis See also under Kidneys 
glomerular, allergic reactions of kidney, 802 
glomerular, glomerular changes in arterio- 
sclerotic contraction of kidney, 480 
third dimension In pathologic investigation, 
962 

Nephroma, embryonal, in sheep 144 
Nephrons See Kidneys, physiology 
Nephrosclerosis See under Kidneys 
Nephrosis See Kidneys diseases Nepliritis 


Nerves, olfactory, parosmia in tumorous in- 
volvement of olfactory bulbs and nerves, 
632 

simple method for staining nerve tissues, 154 
tetanus toxin not transported in peripheral 
nerves, 939 

Tumors See also under names of tumors, 
I e , Ganglioneuroma , Neurinoma , Neuro- 
blastoma , Neurocytoma, Paraganglioma, 
etc 

tumors , congenital partly malignant neo- 
plasm of sciatic nerve with consecutive 
elephantiasis, 148 

Nervous System See also Brain, Cerebellum, 
Nerves, Spinal Cord, etc 
artefacts in central nervous system in rela- 
tion to changes ascribed to electric cur- 
rent, 485 

changes duo to electric current, 485 
diseases, resistance of ganglion cells in, 797 
effect of hypothalamic lesions and stimula- 
tion of autonomic nervous system on car- 
bohydrate metabolism, 313 
effect of pressor reactions on bacterial local- 
ization in, 155 

sympatlietic , correlation of mineral metab- 
olism and vegetative nervous system in 
thyroid disease, 12"> 

Syphilis See under Syphilis 
Tumors Sec also under names of tumors, 
1 c. Ganglioneuroma, ^eurlnoma, Neuro- 
blastoma etc 

tumors , differential diagnosis of neurogenic 
tumors, 332 

tumors of peripheral nervous system, 331 
Neumann, M Retlculo-endothellal sarcoma of 
spleen, report of case, *752 
Neurinoma, intracerebral differential histologic 
diagnosis of, 331 

Neuroblastoma of adrenal gland with liepatic 
metastasis simulating von Gierke’s disease, 
165 

of adrenal medulla (Hutchinson’s tvpe) ICG 
Neurocytoma derived from ganglioneuroma of 
hypogastric plexus, 804 

Neurolymphomatosls and lymphomatosis in re- 
lation to fowl paralysis, *379 
Neurons resistance of ganglion cells in certain 
diseases of nervous system 797 
Ncurosyphills See Syplillls 
Novi, papillary syringocystadenomatous nevus 
and its relation to malignancy, 148 
pigmented (scliwannomas), origin ind na- 
ture, 950 

New-Born Infants See under Infants 
Nielsen J M Pathogenesis and pathologic 
aspects of otogenous intracranial lesions 
052 

Nltrosoresorcinol, di-nitrosoresorcinol a new 
specific stain for iron in tissues *256 
Nutrition, histology of pancreas in nutritional 
disturbances of nurslings, 937 

Obituaries 

LeCount, Edwin Raymond, 816 
Norris, Charles, 932 

Olcott, C T Abscess of livei due to Fried- 
lander s bacillus, 649 

Oligodendroglioma, mesoglioma of brain, 147 
Oliver, J Third dimension in pathologic in- 
vestigation 962 

Orange juice , susceptibility to dental caries in 
rat, influence of orange juice and acid- 
base balance of diet, *857 
Orth, 0 S Mechanism of pathologic calcifi- 
cation, *690 

Osteitis fibrosa , deficiencv osteitis in chickens 
kept in cages and its resemblance to 
osteitis fibrosa with hypertrophy of para- 
thyroids, 126 

Osteoblastoma See Bones sarcoma 
Osteodystrophy See Osteitis fibrosa 
Osteoma, osteoid, 651 
Osteoporosis See Bones fragility 
Otitis, pathogenesis and pathologic aspects of 
otogenous intracranial lesions, 952 
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Ovnry, granulosa cell tumors of ovarj, 947 
tumors of rete orarri, 808 
Oxyphcnylalamine , paraffin section method for 
dopa reaction, 153 

Pancreas, aberrant pancreatic and insular tis- 
sue in rvall of jejunum, 95G 
annular, 129 

cancer, comparative pathology with report 
of 2 cases in mice, 328 
histology of pancreas in nutritional distur- 
bances of nurslings, 937 
necrosis, 795 

serum phosphatase in completely depancre- 
atlzed dogs 162 

tumor in nail of jejunum composed of pan- 
creatic tissue, 956 
Pannus See Trachoma 

Papilloma, virus-induced mammalian growth 
with characters of tumor (Shope rabbit 
papilloma), 641 

Paraffin sections, application of gram stain to, 
»806 

Paraganglioma of adrenal medulla, 165 
Paralysis See also Poliomj elltls 

Bulbar Infectious See Pseudorabies 
lymphomatosis in relation to fowl paralysis, 
*379 

paraplegia of pregnancy (subacute combined 
degeneration of cord), 130 
Paraplegia See Paralysis 
Parathyroid adenoma , histologic studj of para- 
thyroid adenoma, *823 

deficiency osteitis in chickens kept in cages 
and its resemblance to osteitis fibrosa with 
hypertrophy of parathyroids, 126 
enlargement in renal disease, 128 
in hyperparathyroidism, 318 
Parker, F , Jr Gross and histologic changes 
in knee joint in rheumatoid arthritis, *507 
paronychia, hlstologj of bone involvement In 
132 

Parosmia See Smell 

Parotitis, experimental production In monkeys, 
142 

Paternity See also Blood groups 
Wisconsin law on blood tests, 931 
Pehosis See Purpura 

Peptic Ulcer, vascular lesions in surgicallj ex- 
cised stomachs *189 

Periarteritis nodosa, allergic reactions of kid- 
ney, 802 

nodosa lesions of chronic form, 481 
Pericarditis, tuberculous, prlmarj, 168 
Pericardium, hemorrhage, fatal, due to rupture 
of coronary artery, 797 
rupture of heart and intrapericardlal struc- 
tures traumatic, 149 

Peritoneum, effect of peritoneal resorption on 
liver 935 

sarcoraatosis of, with carcinomatous cirrliosis 
of liver 813 

Perla D Effect of h>pophysectomj on natural 
resistance of adult albino rats to histamine 
poisoning *222 

Pertussis See Whooping cough 
Petersen, W F Effect of pressor reactions 
on bacterial localization in central nervous 
sjstem, 155 

Reflection of meteorological influences in 
serum reactions (Wassermann, Kahn, etc ) , 
163 

Phagocytes , clinical and experimental study of 
macrophage system of lungs in relation to 
recovery from lobar pneumonia, 810 
Phosphatase m ossifying mjositis 133 

of serum in completelj depancreatized dogs, 
102 

Phosphorus and Phosphorus Compounds, renal 
damage from diet containing excess inor- 
ganic phosphate, 479 

susceptibility to dental caries in rat, influ- 
ence of calcium phosphorus, vitamin D 
and corn oil *697 

Photography, determination of body surface 
area by, 160 

Pinealoma, glioma in dog and pinealoma in 
Sliver fox (Vulpes full us) 949 


Pitressln See Pltuitarj Preparations 
Pltultan Bod> See also Hypothalamus 
adamantinomas of hypophyseal stalk and 
sphenoid bone, 948 

changes following thyroidectomy In rats, 159 
dwarfism associated with lingual goiter and 
cjstic hypophysis, *64 

effect of hypophjsectomy on phalanges of 
salamander, 127 

effect of malignant tumors on, 146 
excision , effect of li> pophysectomy on natural 
resistance of adult albino rats to hista- 
mine poisoning, *222 
in Addison s disease, 314 
simple differential stain for, 333 
studies on Intermediate lobe, 482 
Pituitary Preparations , renal denervation , ef- 
fect of daily injections of colon bacilli and 
pitressln on denervated kidney of dog, 
*548, 812 

Placenta, infection with Splrochaeta pallida 
through cohabitation and through placenta, 
326 

Plant, A Acute valvular endocarditis in 
new-born, *58z 
Pleura, erj throblastoma, 806 

proteolytic enzymes of monocytic and poly- 
morphonuclear pleural exudates, *233 
Pleuropneumonia, isolation of virus of, 488 
Pneumococci antigenic characteristics in man 
of certain products of pneumococcus, 946 
effects of local immunization of upper re- 
spiratory tract of rabbits against pneumo- 
coccus, tjpe I 158 

precipitin reaction between type HI pneumo- 
coccus polvsaccharide and homologous 
antibody, 942 

relation between t>pe specific carbohydrates 
of pneumococci and blood group specific 
substance, 639 
species Immunltj to, 801 
studies on spontaneous recovery from pneu- 
mococcic infections in guinea-pig, *46 
Pneumoconiosis asbestosis bodies, 936 
simple silicotic process of lung, 320 
urinary silica in persons exposed to silica 
dust, 136 

value of chemical and pathologic observa- 
tions with emphasis on silicosis and silico- 
tuberculosis, 500 

Pneumonia See also Pleuropneumonia 
clinical and experimental study of macro- 
phage sjstem of lungs in relation to re- 
covery from lobar pneumonia, 810 
iiypersensitiveness in dogs after experimental 
pneumococcus lobar pneumonia, 940 
pertussis , production of interstitial mono- 
nuclear pneumonia with Bordet-Gengou ba- 
cillus, 155 

repeated attacks of experimental pneumo- 
coccus lobar pneumonia in dogs, 138 
Poisons and Poisoning See also under names 
of specific substances, as Barbital and 
Barbital Preparations , Ricin , etc 
hemoglobinocholia in toxic conditions 314 
thymus in cliemical intoxications, 125 
Polayes, S H Case of thrombolymphan- 
gitis of thoracic duct associated with ab- 
dominal sj'mptoms necessitating exploratory 
laparotomy 654 

Poleschuct R Carcinoma of ultlmobranchial 
body 958 

Poliomyelitis See also Encephalomyelitis 
neutralization test in 941 
spinal fluid in experimental poliomyelitis of 
Macacus rhesus, 312 

therapeutic and prophj lactic limitations of 
poliomyelitis immune serum, 160 
Pollen See also Anaphjlaxls and Allergj etc 
anaphylaxis with 940 
Polycythemia and thrombophilia, 132 

vera etiologic and pathologic factors 317 
Polymj ositis See Myositis 

Porsche, J Value of chemical and patliologic 
observations in pneumonoconiosis with em- 
phasis on silicosis and sillcotuberculosis 500 



INDEX TO VOLUME 20 


Potassuim content of lienign ntenne tumors 145 
iodide, histological effects of iiotissium Iodide 
and tiijroid substance on tiijroid of guinea- 
pig in scurvy, 480 

Pratt, C B Variations in catapliorotic mobili- 
ties of streptococci Isolated iveehlj for 1 
year from uasopliarynges of 2 groups of well 
persons, from raw milh and from laboratory 
strains, 1G4 

Precipitin, concentration of antlbodj in Immune 
serum, 943 

quantitative studj of scrum pieclpltin in ana- 
phylaxis in rabbit, 944 

role of precipitin in removal of Intrav enouslj 
injected antigen, 944 

ultramicro technic for precipitin and agglu- 
tinin reactions 332 

Protein base-protem-acid compounds, *083 
blood plasma protein regeneration controlled 
b> diet, 478 

comparison of antigenic properties of defatted 
tubercle bacilli and their derived proteins, 
939 

decomposition of tuberculoproteln starch and 
gelatin by dry grinding 938 
hjpersensitiveness and immunltj to foreign 
proteins, 943 

in Blood See Blood, protein 
Prostate, conditions Induced by estrogenic 
compounds in coagulating gland and prostate 
of mouse, 947 

Psoudorabies , immunological relationship of 
pseudorabies (infectious bulbar paraljsls, 
mad Itch), 800 

multiplication of virus in testicle tissue of 
immunized guinea-pigs, 324 
Psittacosis diagnosis in man bj means of in- 
jections of sputum into white mice, 138 
growth of virus in tissue cultures, 030 
human, pathologic anatonij, 133 
in developing egg, 030 

Puerperal Infection, serological differentiation of 
hemoljtlc streptococci from parturient 
women, 940 

Purpura thrombocjtopenlc, associated with 
adenocarcinoma of stomach in joung adult, 
*247 

Pjlorus, adeno-acantlioma, 800 
Rabbit pox, 137 

with reference to epidemiological factors 324 
Rabies experimental, in white mice and at- 
tempted chemotherapy, 140 
morphogenesis of Negri bodies, 038 
Radiation See Radium, Roentgen Rajs, and 
under names of various diseases 
Radium, action on cancer cells, 045 

action on inorganic structure of tumor cells 
as shown by micio-incineratlon, 045 
effects of gamma rays of radium and of roent- 
gen rajs on Ijmphomatosis of mice, 800 
Ravdln, I S Study of bile from human gall- 
bladder, 101 

RecMingliausen’s Disease See Osteitis fibrosa 
Reimann, H A Etiology of amyloid disease, 
103 

Respiratory Tract, diseases, corjza of domestic 
fowl, 139 

extramedullary plasma-cell tumors of upper 
air passages, 947 

Reticulocytes, fragility and maturation of, 129 
Reticulo-Endothellal System See also Mono- 
nucleosis , etc 

leukemic sinus reticulosis (monocytic leuke- 
mia), 950 

reticulo-endothelial sarcoma of spleen, report 
of case, *752 

Rheumatic Fever, course of rheumatic heart dis- 
ease, 311 

lesions of coronary arteries in 318 
multiple aneurysms probably syphilitic, asso- 
ciated with rheumatic carditis, 055 
myocardial Aschoff body, 317 
relationship between rheumatic and subacute 
bacterial endocarditis, 137 


Rheumatism See also Arthritis 
multiple aneurjsms, probably syphilitic, asso- 
ciated with rheumatic carditis, 055 
streptococcal complement-fixation reaction in, 
801 

Rich, G T Studies on spontaneous recovery 
from pneumococclc infection in guinea-pig, 
*40 

Richter, JI N "Mouse leukemia , role of hered- 
itj in spontaneous cases, *709 
Rlcln poisoning, reticular reactions and func- 
tions of splenic Ijniph follicles in, 482 
Riegel C Studv of bile from human gall- 
bladder, 101 

Rlgdon, R H Earlj lesions following intra- 
venous administration of filtrable staphylo- 
coccus toxin , study on dog and rabbit, *201 
Robben, F J Studies on spontaneous recovery 
from pneumococclc infection in guinea-pig, 
*40 

Robertson, 0 H Clinical and experimental 
studv of macrophage system of lungs in re- 
lation to recovery from lobar pneumonia, 
810 

Roentgen Rajs, development of multiple tumors 
In tarred and radiated mice, 493 
effect on carbolij drate tolerance in cancer, 492 
effects of gamma rajs of radium and of roent- 
gen rajs on lymphomatosis of mice, 800 
Therapy , See under names of diseases 
Roffo’s test in cancer, statistical results of 
11,000 cases, 491 

Rosebury, T Siisceptibllltj to dental carles in 
rat, influence of calcium, phosphorus, vita- 
min D and corn oil, *097 
Susccptibilltj to dental carles in rat , influence 
of orange juice and acid-base balance of 
diet, *857 

Rosen, S H Effect of hypophjscctoray on nat- 
ural resistance of adult albino rats to hista- 
mine poisoning, *222 

Rosenovv, E C Variations in cataphoretlc 
mobilities of streptococci isolated weekly for 
1 jear from nasopharjnges of 2 groups of 
well persons from raw milk and from lab- 
oratorv strains 104 

Rottino, A JIultiple aneurjsms, probably 
syphilitic, associated with rheumatic car- 
ditis, 055 

Rubenstone, A I Primary tuberculous peri- 
carditis, IGS 

Sabin, A B Pathology of B virus infection, 
057 

Sachs-Georgl Reaction See under Syphilis 
Sachs-M'itebskj Citochol Test See under 
Syphilis 

Safety-pins, forceps and retractors made from 
*900 

Sailer, S Visceral neurogenic sarcomatosis 053 
Salivary glands, heterotjplcal epithelial tumors, 
149 

Sanes, S Carcinomatous cirrhosis of liver with 
sarcomatosis of peritoneum, 813 
Saphir, 0 Serpentine aneurysm of internal 
carotid artery with resulting encephaloma- 
lacia and cerebral hemorrhage, *30 
Sarcoma, absorption of protective agent from 
rats resistant to transplantable sarcoma, 145 
ammonia production by sparing effect of car- 
bohydrate, 490 

angiosarcomatosls, generalized primary of 
lymph nodes, *700 

behavior of Rous tumor virus to freezing, 328 
bone, biopsy in, 800 

bone, primary Intramedullary neurogenic sar- 
coma of ulna, 329 

carcinomatous cirrhosis of liver with sarco- 
matosis of peritoneum, 813 
diffuse of endometrium , report of case, 002 
effect of bromcaprolc acid on rat sarcoma, 803 
effect of goiter-producing diets on growth of 
carcinoma, sarcoma and melanoma in am 
mals, 947 

experimental, of bone, 042 
Ewing s, 490 
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Sarcoma — Continued 

gro^vtU-promotlng and growth-inhibiting prop- 
erties in blood of mice resistant to tar- 
sarcoma, G43 

influence of hormones on growth of carcinoma, 
sarcoma and melanoma in animals, 14G 
influence of magnesium on growth of car- 
cinoma, sarcoma and melanoma, 804 
leiomyosarcoma of gallbladder, OGl 
leiomyosarcoma , primary, of stomach, report 
of 2 crises ^590 

leiomyosarcoma uteri different forms of, 959 
leukemia transmissible bj spindle-cell sarcoma 
in mouse, G44 
lymphosarcomatosis, G52 
myxosarcoma, 803 

physiological validity of enzyme (amylase) de- 
terminations in tumor tissue, 804 
reticulo-endothelial, of spleen, report of case, 
*752 

round-cell, spindle-cell and neurogenic sar- 
comas of lip, 492 

Eous study of serum of chickens resistant to, 
494 

Kous tissue grafts In susceptible and resistant 
chickens 494 

spindle cell, arising In fistulous tract, G58 
utilization of simple derivatives of glucose by 
mouse sarcoma, 490 
visceral neurogenic sarcomatosis, G53 
Scar See Cicatrix 

Scarlet fever, group infection and Immunity 
during epidemic in hoys’ school, 321 
visceral pathology In, G55 
Schelling, V Serum phosphatase in completely 
depancreatized dogs, 162 
Schick Test See Diphtlierla 
Schizophrenia See Dementia praecox 
Schubert-Dannmeyer test for cancer, 94G 
Schultz E W Therapeutic and prophylactic 
limitations of poliomyelitis immune serum 
160 

Schwannomas origin and nature of pigraenftd 
nevi (schwannomas), 950 
Sclera, blue 310 

Sclerosis See also Arteriosclerosis 
tuberous, with unusual lesions of bones, 793 
Scorbutus See Scurvy 

Scurvy, histological effects of potassium iodide 
and thyroid substance on thyroid of guinea- 
pig in 480 

Secretions Internal See Endocrine Glands 
Serodiagnosls See under names of reactions, as 
Kahn Test, IVassermann Reaction, etc 
and under names of diseases, as Syphilis , 
etc 

Serum, concentration of antibody in immune 
serum 943 

thermostabile bactericidal substance in human 
serum, G39 

Sharnoff G Acute valvular endocarditis in 
new-born, *582 

Sheard, C Variations In calaphoretlc mobilities 
of streptococci isolated weekly for 1 vear 
from nasopliarynges of 2 groups of well per- 
sons, from raw milk and from laboratoiy 
strains, 1G4 

Slebert, W 3 Transplantation of skin and 
cartilage in chickens, *28 
Silberberg M Behavior of transplanted spleen 
with reference to tissue differential of hemo- 
poietic organs, *216 
Silicosis See Pneumoconiosis 
Siltzbach, L E Pathology of giant tuber- 
culous cavities, 658 

Simonds jr p Late changes in liver induced tv 
mechanical obstruction of hepatic veins 
*571 

Simpson, 3 C Tumor in wall of jejunum com- 
posed of pancreatic tissue, 956 
Slrenomelus, 794 

■Skin, cancer and Increase in incidence of pri- 
mary tumors of lung in mice exposed to 
dust obtained from tarred roads 643 
cancer basal cell carcinoma with cyst for- 
mation, 495 


Skin — Continued 

cancer in scar protected with insulating tape, 
147 

melanotic neoplasms, 489 
reaction to tuberculin, effect of acute diseases 
on, 798 

transplantation of skin and carGldge in 
chickens, *28 

Smallpox, vaccination, agglutinogens of strain 
of vaccinia elementary bodies, 800 
vaccination , flocculable substance of vac- 
cinia, 800 

Smell, parosmia in tumorous involvement of 
olfactory bulbs and nerves, 632 
Smith, H Filtration and secretion in liiinian 
kidney, 961 

Smith, H P Quantitative studies on blood 
coagulation, 163 

Smith, L W Visceral pathology in scarlet 
fever, 655 

Societies , Second International Congress for 
Microbiology, 477 

SociETV Transactions 

American Society for Experimental Pathology 
155 

Buffalo Pathological Society, 396, 502, 813 
Chicago Pathological Society, 500, 810 
Los Angeles Patliological Society, 951 
New 'STork Pathological Society 649, 958 
Phil idelphia Pathological Society, 165, 497, 
954 

Sodium dehydrocholate , renal lesions following 
injection of sodium dehydrocholate in ani- 
mals with and without biliary stasis, *866 
salts effect in sustaining suprarenalectomized 
dog, 125 

Sohval, A R Gumma of heart, report of 2 
cases *429 

Two rare Instances of cardlovalvular disease 
presumptively syphilitic in origin *175 
Sophian, L Methods of grading mammary car- 
cinoma compared with clinical outcome, 660 
Sorbitol-trehalose test for differentiation of 
Streptococcus pvogenes from man and from 
animals, 143 

Sound, immunological study of effects of Intense 
sound vibrations on egg albumin, 945 
Specimens, embedding in glycol stearate, *445 
Spencer, H J Multiple aneurysms probably 
syphilitic, associated yvith rheumatic car- 
ditis, 655 

Sphenoid bone, adamantinomas of hypophyseal 
stalk and sphenoid bone 948 
Spina biflda , duplication of spinal cord with 
spina biflda and syringomyelia, *882 
Spinal Cord See also Meninges, Nervous Sys- 
tem , etc 

corticospinal fibers arising In premotor area 
of monkey, 313 

duplication of spinal cord with spina biflda 
and syringomyelia, *882 
multiple hemangioblastoma with syringomye- 
lia (Llndau’s disease), 329 
paraplegia of pregnancy (subacute combined 
degeneration of cord), 130 
Spine, axial skeleton in anencephaly and 
craniorachischisis, 485 
chordoma of vertebra 147 
Splrochaeta , spirochetal abscess of liver *253 
Spirochetosis Icterohemorrhagic See Jaundice, 
spirochetal 

Spleen, behavior of transplanted spleen with ref- 
erence to tissue differential of hemopoietic 
organs, *216 

formation of bilirubin in tissue cultures of, 315 
morphologic effects of splenic autolysates, 127 
reticular reactions and functions of snlenlc 
lymph follicles, 482 

'■e^^'culo-endothelial sarcoma, report of case, 

sideroflbrosis of, in sickle cell anemia 131 
Splenectomy, effect on latent infection, Eperv- 
throzoon coccoides, in white mice, 325 
*^*^rats ^''0™ ™*9e to splenectomized 
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Sprunt, D H Pertussis , production of inter- 
stitial mononuclear pneumonia i\ith Bordet- 
Gengou bacillus, 155 

Stains and Staining, application of gram stain 
to paraiHn sections, *896 
dl-nltrosorcsorclnol, a new specific stain for 
iron in tissues, *25G 

simple differential stain for human hjpoplijsls, 
333 

simple method for staining none tissues, 154 
Staphylococci, bacteriophages, 488 
cytolytic and toyic properties, 801 
IS a special variety concerned in food poison- 
ing? 140 

to\in, filtrable, early lesions following Intra- 
venous administration, study on dog and 
rabbit, *201 

Starch, decomposition of tuberculoprotcln, starch 
and gelatin b> dry grinding, 938 
Stebbins, G C Thrombocytopenic purpura as- 
sociated with adenosarcoma of stomach In 
young adult, *247 

Steen H M Generalized tuberculosis in new- 
born, IGG 

Stenn, F Etiology of agranulocjtosls, *902 
Sternum, changes in sternoclavicular mint in re- 
lation to age, 797 

Stewart, H L Lipids in liver of cat during 
bile stasis and biliary decompression, *535 
Benal lesions following injection of sodium 
dehydrocholate in animals with and wltliout 
biliary stasis, *860 

Stomach See also Gastro-Intestlnnl Tract 
Pylorus 

acidity in pulmonary tuberculosis, 134 
adenocarcinoma, thrombocytopenic purpura as- 
sociated with, in young adult, *247 
arteriosclerosis and etiology of ulcer (vascular 
lesions In surgically excised stomachs) , *189 
cancer, massive mucoid carcinoma of, 502 
leiomyosarcoma, primary, report of 2 cases, 
•590 

necrosis following intravenous injections of 
neoarsphenamine, 500, *891 
Ulcer See Peptic Ulcer 
Stomatitis, acute experimental, in dogs with 
leultopenia, G33 

Streptococci See also Scarlet Fever 
cellular reactions to acetone-soluble fat from 
mycobacteria and streptococci, 034 
differentiation of Streptococcus pjogencs from 
man and animals by sorbitol-trehalose test, 
143 

effect of dissociation on fibrinolytic and antl- 
flbrlnogenic activity, 811 
hemolytic, fibrinolytic activity of, 137 
hemolytic, of human origin, 323 
hemolytic, toxic serum extracts of, 322 
infections occurrence of antiflbrmolytlc prop- 
erties in blood in acute streptococcus infec 
tions, 939 

mixed streptococcodiphtherltic infection, G37 
"roughness” in cultures from endocarditis, 
324 

serological differentiation of heraoljtic strep- 
tococci from parturient women, 940 
streptococcal complement-fixation reaction in 
rheumatic diseases, 801 
variations in cataphoretic mobilities of strep- 
tococci isolated vveelvly for 1 jear from 
nasopharynges of 2 groups of well persons, 
from raw milk and from laboratory strains, 
1G4 

Strumia, M M Degenerative changes In blood 
leukoevtes, 498 

Subdural Space See Meninges 
Sudan See Fat, staining 

Suer W J Base-protein-acid compounds, *683 
Sulphurous anhydride, cause of deatlis asso- 
ciated with fog in valley of Meuse 150 
Suprarenalectomy See Suprarenals, excision 
Suprarenals, atrophy of cortex with Addison’s 
disease, 649 

excision , effect of sodium salts in sustaining 
suprarenalectomlzed dog 125 
excision, histologic changes In kidneys of 
adrenalectomlzed rats, 125 
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Suprarenals — Continued 
necrosis, hopato-adrenal necrosis with intra- 
nuclear Inclusion bodies, 129 
neuroblastoma (Hutchinson’s type), IGG 
neuroblastoma with hepatic metastasis simu- 
lating von Gierke’s disease, 1G5 
paraganglioma of, 1G5 

possible functional significance of longitudinal 
muscle in adrenal veins in man, *9 
Sweany, H C Value of chemical and patho- 
logic observations in pneumonoconlosis with 
empiiasis on silicosis and slllcotuberculosis, 
500 

Sweat Glands , relation of adenoma of umbilicus 
to apocrine sweat glands and to adeno- 
flbrosls of mammary gland 131 
Sympatliectomy, tar epithelioma in sympathec- 
tomlzed albino rabbit 328 
Synovial fluid, bovine, cellular constituents of, 
158 

Syphilis See also under names of organs, as 
Heart , etc 

cardiovalvular disease presumptively syphilitic 
in origin, 2 cases, *175 
citochol flocculation test, 809 
flocculation test with antigen ABF (antigene- 
bruxelles-floculatlon), G48 
Infection witli Spirochaeta pallida through 
cohabitation and through placenta, 32G 
Inflammation In syphilitic and nonsyphllltlc 
rabbits, 95C 

multiple aneurysms, probably syphilitic, asso- 
ciated witli rheumatic carditis G35 
ncurosy phllis, blood Wassermann test in, 496 
relation of yaws to, *59G 
tertiary , gumma of heart, report of 2 cases, 
*429 

Virus G37 

Witebsky’s confirmatory test, 808 
Syringomyelia, duplication of spinal cord with 
spina bifida and syringomyelia, *882 
multiple hemangioblastoma of spinal cord 
with syringomyelia (LIndau’s disease), 329 

Tar Cancer See under Cancer 
Tcetli, carles, susceptibility to dental carles in 
rat, influence of orange juice and acid-base 
balance of diet *857 
changes in tumors of jaw, 797 
mottled enamel in cattle, 479 
susceptibility to dental carles in rat, influence 
of calcium, phosphorus, vitamin D and corn 
oil, *G97 

Temperature, hypothermia in hypothalamic 
lesions 313 

Ten Broeck, C Transmission of equine en- 
cephalomyelitis by Aedes aegypti, 164 
Teratoma of testis, 492 
quantitative behavior of prolan A in tera- 
toma testis, 145 
structure, G41 

Terplan, K Demonstration of sucrose in spinal 
fluid of patient with acute encephalitis, 307 
Fat content in blood of right side of heart in 
case of fatal fat embolism 814 
Testicles, hormone, G32 
teratoma of 492 

teratoma , qunntitatlv e behavior of prolan A 
in, 145 

Tetanus toxin not transported in peripheral 
nerves, 939 

toxin, photodynamic effect of methylene blue 
on, 944 

Tetany in 6 week old infant, 952 
Third dimension in pathologic Investigation, 9G2 
Thoracic duct, case of tlirombolymphangitls as- 
sociated with abdominal symptoms necessi- 
tating exploratory laparotomy, G54 
Thorpe E S Jr Neuroblastoma of adrenal 
gland with hepatic metastasis simulating 
von Gierke s disease 165 
Thrombolymphangitls of thoracic duct associ- 
ated with abdominal symptoms necessitating 
exploratory laparotomy, 654 
Thrombophilia See Thrombosis 
Thrombosis See also Embolism 
Incidence at necropsy, 320 
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Thrombosis— Continued 

thrombophilia, polycythemia and thrombosis, 
132 

Thymoma, intratracheal, 330 
Thymus in chemical Intoxications 125 
weight in new-born infants, 484 
Thyroid See also Goiter, Parathyroid 
adenoma, fat tissue in, 793 
adenoma in experimental animals, 948 
changes in pituitary following thyroidectomy 
in rats 159 

disease, correlation of mineral metabolism and 
vegetative nervous system in 125 
endarterial cellular buds of 132 
histologic effects of potassium iodide and 
thyroid substance on Uiyroid of guinea pig 
in scurvy, 480 

histologic structure of remaining portion of 
thyroid after cure of exophthalmic goiter 
by subtotal thyroidectomy, 481 
metabolism of isolated surviving tissues from 
animals rendered hyperthyroid with thy- 
roxine G32 

thyrotoxic myocardial changes, 133 
Thyroidectomy See under Thyroid 
Thyroxine, metabolism of isolated surviving 
tissues from animals rendered hypertrophied 
with thyroxine, 632 
Tissue See also Cells 
behavior of transplanted spleen with reference 
to tissue differential of hemopoietic organs, 
*216 

chemistry, base-protein-acid compounds *683 
connective , pure cultures of fibroblasts from 
single mononuclear cells, 478 
cultures , formation of bilirubin in cultures of 
spleen, 315 

cultures studies of melanoma in, 661 
embedding in glycol stearate *445 
extracts, antigrowth effect of lipoid fractions 
of, 312 

respiration , relations of tissue metabolism to 
constitutional predisposition to cancer, 495 
variations of metabolism and radlo-sensi- 
tivity of tissues in bicarbonate and phos- 
phate-buffered media, 646 
Tommer P R Tumor in wall of jejunum com- 
posed of pancreatic tissue 956 
Tongue, cartilage rests in 484 
Trachea, chronic tracheitis and bronchitis, un- 
usual case, 497 
intratracheal thymoma, 330 
Trachoma relation of Bacterium granulosis to, 
486 

specificity of conjunctival infection in mon- 
keys following inoculation with trachom- 
atous tissue Ji41 
Trichinosis, 486 

Trichomoniasis, vaginal, pathology of vaginitis 
due to trichomonas, 951 
Tricuspid Valve See under Heart 
Trypanosomiasis combined chemotherapy of 
experimental trypanosome infections, 488 
trypanocidal action of normal human serum, 
*767 

Tubercle Bacilli, cellular reactions to acetone- 
soluble fat from mycobacteria and strepto- 
cocci, 634 

colony morphology of, 139 
comparison of antigenic properties of de- 
fatted tubercle bacilli and their derived 
proteins 939 

decomposition of tuberculoprotein, starch and 
gelatin by dry grinding 938 
dissociation of, 326 

local skin reactivity to Bacillus tuberculosis, 
940 

Tuberculin See also Tuberculosis 

effect of acute diseases on reaction of skin 
to, 798 

histology of local hypersensitivity reactions, 

reaction mechanism of 943 
Tuberculosis See also Tubercle Bacilli , and 
under names of organs and regions 


Tuberculosis — Continued 
arteritis due to, 488 

BCG, experiments relative to vaccination 
with Calmette-Guerin bacillus (B C G), 
*343 

BCG, lesions in rabbits following inocula- 
tion with Bacillus Calmette-Guerin (B 
C G), 486 

BCG, stability of colonial morphology and 
pathogenicity of B C 6, 486 
complement fixation as related to resistance 
and allergy in experimental tuberculosis, 
938 

effect of artificial fever on acute tuberculosis 
in experimental animals, 160 
generalized, in new-born, 166 
Immunologic and serologic problems, 308 
influence of pH on dissociation of Bacillus 
* Friedlander and Mycobacterium tubercu- 
losis, 487 

Isolation of tuberculin-like substance from 
urine of patients with active tuberculosis 
and its practical application as aid in 
diagnosis, 309 

pulmonary apical localization of, 485 
pulmonary , bronchiogenic cancer combined 
with tuberculosis of lungs, 803 
pulmonary , clinical and pathologic notes on 
healed case, 168 

pulmonary, gastric acidity in 134 
pulmonary , histology of tuberculous cavity 
wall, 481 

pulmonary , pathology of giant tuberculous 
cavities, 658 

pulmonary softening of caseous tubercle and 
its results, 322 

pulmonary , total cavernous tuberculosis of 
left lung 483 

value of chemical and pathologic observa- 
tions in pneumonoconlosis with emphasis 
on silicosis and silicotuberculosis, 500 
Tumors See also Adeno-acanthoma Adenoma, 
Arrhenoblastoma , Cancer, Ganglioneuroma, 
Hemangioblastoma, Sarcoma, and under 
names of organs and regions 
action of radium on inorganic structure of 
tumor cells as shown by micro-incineration, 
645 

ambivalent effect of single acute trauma on 
growth of transplanted mouse tumors, 144 
and tumor- like conditions of lymphocyte, 
myelocyte, erythrocyte and reticulum cell, 
329 

congenital partly malignant neoplasm of sci- 
atic nerve with consecutive elephantiasis, 
148 

extramedullary plasma-cell tumors of upper 
air passages, 947 
granulosa-cell tumors of ovary, 947 
mixed tumor of fundus uteri, 953 
of frog ‘Rousse," 330 

production in fowl with colloidal solution 
of 1 2 5 6-dibenzanthracene, 644 

structure and behaviour of cells in tissue 
cultures of, 807 

study of standard breeds of rabbits in rela- 
tion to transplantable malignant tumor, 
156 

transplantation from mice to splenectomized 
rats, 803 

transplantation, genetic studies on, 144 
virus-induced mammalian growth with 
characters of tumor (Shope rabbit papil- 
loma) 641 

Tunnicliff, R Effect of dissociation of strep- 
tococci on their fibrinolytic and anti- 
fibrinogenlc activity, 811 
Typhoid bacilli properties of Vi antigen of, 799 
carrier, immature rabbit as experimental 
urinary and fecal typhoid carrier, effect 
of hexamine treatment 637 
Typhus immunization with formolized tissue 
cultures of typhus Rickettsia, 799 
studies, 489 
tissue cultures in, 638 
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Ulcers See Peptic Ulcer, and under names 
of organs 

Ulna, primary Intramedullary neurogenic sar- 
coma of, 329 

Ultlmobranchlal Body, carcinoma of, 958 
Umbilicus, endometriosis of, 319 

relation of adenoma of umbilicus to apocrine 
sweat glands and to adenoflbrosls of mam- 
mary gland, 131 

Undulant fe\er, pathogenicity for cattle of Bru- 
cella strains from undulant fe\cr in man, 
141 

Urine, isolation of tuberculln-lllce substance 
from urine of patients with acthe tuber- 
culosis and its practical application as aid 
in diagnosis, 309 

silica in. In persons exposed to silica dust, 
13G 

Uterus, anaphylactic reaction after removal of 
inhibitory substances, 802 
benign tumors, potassium content of, 145 
cancer, histologic classification of cancers of 
uterine cervK and relation between growth 
structure and results of radium treatment, 
327 

fibroids, hormonal origin of 949 
hjdatld moles In cattle, 938 
leiomyosarcoma, different forms of, 959 
malignant mixed tumor, 148 
mixed tumors of fundus uteri, 953 

Vaccinia See Smallpox, vaccination 
Vaginitis See Trichomoniasis, \aglnal 
Tan den Bergh Eeactlon Sec Blood, bilirubin 
Variola See Smallpox 

Veins, hepatic late changes In liver Induced 
by mechanical obstruction of, *571 
Vertebra See Spine 

Viruses, experimental B virus disease In Maca- 
cus rhesus monkeys, 142 
filterable, interpretation of, 137 
fixation and protection of ilruses by cells of 
susceptible animals, 942 
pathology of B virus Infection, 057 
Viscera, visceral neurogenic sarcomatosls, 053 
Vitamin A deficiency In spite of adequate diet 
in congenital atresia of bile ducts and 
jaundice, *845 

D, deficiency osteoporosis, *742 
D , susceptibility to dental carles In rat , In- 
fluence of calcium phosphorus, vitamin D 
and com oil, *097 

Walsh, T E Effects of local immunization 
of upper respiratory tract of rabbits 
against pneumococcus, type I, 158 
Warner, E D Quantitative studies on blood 
coagulation, 103 


Warren, C F Cellular constituents of bovine 
synovial fluid, 158 

Warren, S Parathyroid glands , histologic 
studj of parathyroid adenoma, *823 
Wassermilnn Keaction See also Sjphllls 
reflection of meteorological Influences in serum 
reactions (Wassermann, Kahn, etc), 103 
Wax model, cyanotic atrophj of liver, wax 
model reconstruction, *837 
Weather Sec Meteorologj 
Weldman, F W Pathologj of Ijmphogran- 
ulomatosls ingulnalis, 957 
Well A Duplication of spinal cord with 
splnabiflda and syringomjclla *832 
Well's Disease See Jaundice, spirochetal 
Welntraub S Spindle cell sarcoma arising In 
fistulous tract, 058 

Weiss, C Proteolytic enzymes of monocjtlc 
and poljmorphonuclear pleural exudates, 
*233 

Wells, H G Dwarfism associated with lingual 
goiter and cjstlc hjpophjsls, *04 
Whooping cough production of interstitial 
mononuclear pneumonia with Bordet-Gen- 
gou bacillus, 155 

Williams, 11 U Pathology of jaws especl- 
allj relation of jaws to sjphllls, *590 
JMlliams, J E Pertussis, production of in- 
terstitial mononuclear pneumonia with 
Bordet-Gengou bacillus 155 
Wisconsin law on blood tests, 931 
JMseman, B K Experimental studies demon- 
strating reciprocal relationship existing 
between Ijmpliopoiesis and myclopolesls, 
100 

Wltebsky, E Some Immunologic and sero- 
logic problems In tuberculosis, 308 
IMtebslvj Confirmation Eeactlon See under 
Sjphllls 

Witherspoon, J T Hormonal origin of endo- 
metrloma, a hjpothesls, *22 

Xanthooranuloma, retroperitoneal 940 
Xanthoma of heart, 935 

Yardumian, K Primarj gastric leiomyo- 
sarcoma, report of 2 cases, *590 
Yaws Sec Frambcsla 
Yeast Sec Fungi , Vitamin 
Yellow Pever encephalomj elltls produced bj 
neurotropic jellow fever virus, 143 
Inclusion bodies In, 038 

Zeekwor, I T Changes in pitultarj gland 
following thj roidectomj In rats, 159 
Possible functional significance of longi- 
tudinal muscle In adren il v elns In man *9 




